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I . SUMVARY

We have studied shorebird distribution, habitat rela-
tionshi ps, trophic dependenci es and behavior at severa
Beaufort coast sites since 1975. Qur objective is to assess
the degree and nature of dependence of shorebird species on
arctic habitats which are potentially susceptible to
perturbation from offshore oil devel opment activities. Wth
other researchers we have identified several sensitive sites
al ong the Beaufort coast where shorebird use of coastal
habitats is very high. W have ranked types of coasta
habitats on the basis of bird use and possible effects of oil
devel opnent.  We have categorized the conmon shorebird
species in terms of relative sensitivity to habitat
di sturbances associated with oil devel opnment and have defined
seasonal habitat use patterns of all species to determne
sensitive periods within the year.

During June and early July shorebird activity is
centered on the tundra where shorebirds nest. In July and
August a major shift in habitat use occurs, beginning with
post - breeding adults and augnented increa$in%Ly by fledged
juveniles moving to shorelines to forage in littoral habitats
prior to southward migration. Species vary in timng and
magni tude of this habrtat shift, but the phenonenon Is
W despread across species, with many species reaching
littoral zone densities far in excess of those on tundra
during early sumer. Wthin the littoral zone, species
differ also in their relative use of different types of
littoral habitat. On a finer scale, species exhibit mcro-
habitat foraging preferences within littoral habitats. Al
these differences affect the |ikelihood that oil devel opnent
activities or oil spill accidents will affect species popu-
| ati ons. Specific results are detail ed bel ow.

Littoral zone novenents of nost shorebird species at
Barrow represent nore than just |ocal breeding birds. Annual
variation in post-breeding densities of nost species is
correlated with annual variation in tenperatures during the
post - breeding period but not with variation in tenperatures
during the nesting period. Bi rds which share post-breeding
habitats fluctuate simlarly in post-breeding densities.
Annual variation in post-breeding littoral zone densities is
probably determned by conditions within the littoral zone;
devel opnment perturbations will affect groups of species
simlarly.

Measured densities of mgrating birds are very sensitive
to variation in turnover rates of individuals at a census
site. Turnover rates of Red Phalaropes at Barrow in 1976
were rapid, suggesting that |arge popul ations of birds m ght
be affected by a local oil spill.

The common Barrow shorebirds can be classed in four
groups on the basis of seasonal patterns of tundra vs.
littoral zone habitat use. Species such as Red Phal arope and
Ruddy Turnstone are heavily dependent on the littoral zone
while Colden Plovers are alnost restricted to tundra
habi tats; other species show intermediate patterns.
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Based on six measured habitat variables our littoral
transects can be separated in principal conponent habitat
space into groups corresponding to gravel beaches, littoral
flats and slough edges. Birds respond to these differences
in habitat type, with groups of species occurring in the sane
transect groups in each year. Species density distributions
in habitat space are often quite distinctive? but different
species sonetines show simlar shifts in habitat use between
years, probabl in response to changes .in environnmental
condi ti ons. oups of species enmerge with simlar habitat
references wthin the littoral zone and with simlar mcro-
abitat preferences within habitats. These groups of species
may be affected simlarly by particular environmental dis-

t ur bances. _ _ _
Types of available littoral habitats were conparable at

Barrow and Prudhoe Bay but Barrow has |arger areas of gravel
spit shorelines, which attract high densities of phalaropes.
At Fish Creek Delta in Harrison Bay this habitat is absent,
but nudflat and saltmarsh habitats, heavily used by other
species, are nore extensive than at Barrow and Prudhoe Bay.
Red Phal aropes are nmuch nore common than Northern Phal aropes
in mgration at Barrow~ but they are |ess conmon in Harrison
Bay probably as a result of a longitudinal gradient in

rel ative abundance as well as a gradient in habitat
preference of the two species.

Shorebird concentration areas occur in areas of gravel
spits and barrier islands (lcy Cape, Peard Bay, Point Barrow,
Pl over Islands, Jones Islands) and in areas wth extensive
l[ittoral flats, saltmarshes and sl ough edges (Ilcy Cape,
Barrow, Fish Creek Delta, Coleville Delta, Cape Halkett).

Species differ also in fat accunulation schedules prior
to southward migration. Fat levels of Red Phal aropes and
Dunlin both increase during August. Fat levels of Ruddy
Turnstones and Sanderlings prior to departure are even higher
than in the latter species. Sem palmated Sandpiper juveniles
depart nuch earlier, wth less fat. _ _

Littoral zone diets of nost shorebird species correspond
to the habitats in which they forage rather than to strong
species differences in diet preference; diets of nmany species
overlap broadly while foraging in the sane habitat type. On
littoral flats, in saltmarshes and along the edges of sloughs
and | agoons, shorebirds prey mainly on chironomd fly |arvae,
wth adult chironomd flies and oligochaetes taken during
some periods. Al ong marine shores the prey base for nany
species is the mx of marine zooplankton and under-ice
anphi pods which is highly variable in density and species
conposi tion between years and within one season. Diets of
shorebirds have a strong seasonal conponent as species shift
fromtundra to littoral habitats and as prey availability
wi thin habitats changes.

Juvenil e Red Phal aropes foraging along the shores of
Barrow Spit altered their diets and their foraging behavior
in relation to onshore wind direction, apparently in response
to changes in relative abundance of marine zooplankton and
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under -i ce anphi pods. This response suggests that spits and
islands may be favored foraging areas because they present
nore options with respect to onshore - offshore w nds when
conpared with mainl and shores.

At Prudhoe Bay, the dust shadow produced on tundra
besi de gravel roads reduced densities of nesting shorebirds
and passerine. A tundra area where natural drainage has
been altered by construction showed a reduction in shorebird
breeding densities but an increase in densities of |ate
summer nmigrants. An artificial gravel pier at Prudhoe Bay
was used [ess than adjacent mainland shores by passerine and
several species of shorebirds, but densities of Northern
Phal aropes were extrenmely high. Artificial piers and islands
wi |l probably attract zooplankton foragers to areas where oi
spills may be nore |ikely.

I n choi ce experinments, juvenile Red Phalaropes nmade no
initial distinction between foraging on clear water or on
water containing an oil film wever, on subsequent choices
they avoided foraging on oiled surfaces; they also foraged
| onger on clear surfaces. In a related aquarium experiment,
phal aropes increased time spent in escape behavior in
response to thin oil films on water. If their fate is not
sealed by initial contact with oil on water, phalaropes my
learn to avoid it quickly enough to reduce nortality rates.
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1. 1 NTRCDUCTI ON

Along the Beaufort and Chukchi coasts of arctic Al aska
tundra habitats nerge with saltmarsh, sloughs and arctic

beaches. In these habitats shorebirds (Charadriifornes:
Charadrii; sandpipers, plovers and their close relatives) of
many species are present throughout summer nonths. |n con-

trast to areas farther south, shorebirds conprise a najor
segnent of the avifauna of the coast of arctic Al aska

(Bailey, 1948; Gabrielson and Lincoln, 1959; Pitelka, 1974).
The twenty-seven species listed in Table 1 occur regularly in
the arctic during summer months, migrating to spend their
winters in tenperate and tropical regions of both northern
and southern henispheres. As a group they are an interna-
tional resource, wth individual species dependent in varying
degrees on sunmer conditions along the Al askan arctic coast.

Prior to 1975 nost of the detailed studies of shorebird
ecology in arctic Al aska had been done near Barrow where
researchers concentrated on conditions and activities on the
tundra primarily during the short arctic breeding season
(Hol mes, 1966a, 1966b, 1970, 1971; Hol nes and Pitelka, 1968;
MacLean, 1969, 1974; Norton, 1972, 1973; Pitel ka 1959, 1974;
Pitelka et _al., 1974). It had been noted at Barrow and
el sewhere in the arctic that densities of several species of
shorebirds increased near the shoreline as sumrer progressed
resulting in a net increase in use of littoral habitats
(Hol nes, 1966a; Bengtson, 1970). This novenent begins wth
non- breeders and is augmented progressively by a shoreward
movenment of local and also inland birds, especially after the
young have fledged. However, the inportance of this habitat
shift in the breeding cycle of arctic shorebirds had not been
adequat el y eval uat ed.

Since 1975 we have attenpted to provide detailed and
guantitative information necessary to assess the dependence
of shorebirds and other species on littoral habitats al ong
the Al askan arctic coast. Devel opnent of petrol eum resources
along the outer continental shelf will produce sone unknown
degree of disturbance to these habitats. To the extent that
shorebirds and other birds depend upon shoreline and near-
shore habitats any disturbances may affect their popul ations.
Qur approach to evaluating the significance of the littoral
zone to shorebirds has been to gather and anal yze basic
ecol ogi cal data dealing with seasonal occurrence of shore-
birds in different habitats; trophic relationships of shore-
birds feeding in littoral habitats; and variability in these
aspects both over tine and over space. These efforts have
been suppl enented wi th behavioral data, experinmental workand
observations of bird use in habitats already subjected to
devel opment alterations. Qur objectives are to define the
seasonal relationships between each comon species and the
habitats available; to identify the species and habitats nost
sensitive to disturbance as well as the regions along the
Beaufort coast that should be considered nost inportant to

shorebird populations; to predict the probable inpact of
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Tabl e 1. Shorebird species occurring regularly along the
Beaufort and Chukchi coasts of Al aska (from Connors
et al., 1979).

Regul ar Breeders

Sem pal mated Pl over, Charadrius sem pal matus
American Gol den Plover, Pluvialis dom nica

Bl ack-bellied Plover, Pluvialis squatarol a

Ruddy Turnstone, Arenaria interpres

Bl ack Turnstone, Arenaria nal anocephal a
Common Sni pe, Capel |l a gallinago

Whi nbrel, Nuneni us phaeopus

Red Knot,K Calidris canutus

Pectoral Sandpi per, Calidris nel anotos

Wi t e-runped Sandpiper, Calidris fuscicollis
Baird' s Sandpiper, Calidris bairdii
Dunlin, Calidris alpina

Sem pal mat ed Sandpi per, Calidris pusilla

West ern Sandpi per, Calidris mauri

Stilt Sandpiper, M cropal ama hi mant opus

Buf f - breasted Sandpi per, Tryngites subruficollis
Long-bi |l ed Dowitcher, Linmmodronus scol opaceus
Bar-tailed Godwit, Linpsa |apponica

Red Phal arope, Phal aropus fulicarius

Nort hern Phal arope, Lobi pes | obatus

Additional Mgrants

Killdeer, Charadrius vociferus

Sharp-tail ed Sandpi per, Calidris acum nata
Least Sandpiper, Calidris mnutilla

Ruf ous- necked Sandpi per, Calidris ruficollis
Curl ew Sandpi per, Calidris ferruginea
Sanderling, Calidris alba

Hudsoni an Godwit, Linpbsa haenastica
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potential disturbances and to suggest alternatives or guide-
lines that will be useful in managing the devel opnent of the
Beaufort coast. _ _

Annual reports presenting results of these studies have
been published by OCSEAP each year 1Cpnnots and Ri sebrough,
1976; 1977; 1978; 1979; 1980). In this final report dealing
with the Beaufort coast we will attenpt to summarize and
synthesize results presented in those reports and to present
the results of further analyses perforned on the multi-year
data set. In the interest of brevity and clarity, we will
not present all details of subjects discussed previously but
w Il repeat anK i nformation necessary to understanding topics
di scussed in this report.
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L1, METHODS

St udy Areas
~Qur principle approach to the study of shorebird habitat
use in the littoral zone required initially a definition of

the littoral zone appropriate for the Beaufort Coast. Defin-
itions for shorelines in nore southerly regions have been
established (see Ricketts et al., 1968) but the Alaskan
Beaufort Coast presents son® special problens. The nean
tidal range at Barrow is only 29 centinmeters; however, during
periods of open water, storns nmay produce tides of 1 meter or
more above normal, inundating large areas of |ow |ying
coastal habitats. Vegetation, Patterns of bird use and
susceptibility to petroleum pollution carried by storm waters
differ markedly within this zone conpared to tundra just
beyond it. For these reasons, we considered the arctic
littoral zone as extending fromthe [owest tide level “up to
the limts of the area likely to be flooded by storns at

| east once every few years. The inprecision of this opera-
tional definition results fromour Inability to establish the
area frequency contours necessary for a nore precise defin-
ition. I'n practice this littoral zone can readily be recog-
nized by the brackish water in flood pools, by the presence
of salt tolerant vegetation, and by the distribution of storm
drift material.

W established pernmanent marked transect —at our three
principal study sites: Barrow (71~ 17°'N, 156* 46'W) where we
censused transects for four copsecutive SUMTErS from 1975
through 1978; Prudhoe Bay, (70" 15'N, 148° 20'W) where we
censused jransects dyring the sunmer of 1978; and Fish Creek
Delta (70% 25'N, 151" ~22'W) in Harrison Bay where we worked
during 1980 (Figure 1). At Barrow, our main study site, we
established transects in a wide variety of littoral and near
littoral habitats (Table 2 and Figure 2). These incl uded
gravel spit beaches varying in wave exposure, gravel nainland
beach, tundra-backed beach, ocean estuary, open |agoon
estuary, closed brackish lagoon and a variety of mudflat and
salt marsh habitats varying in amunt of water cover, salin-
ity of pools, type and density of vegetation, substrate grain
size and proximty to ocean, |agoon or sloughs. On the basis
of habitat neasurenments and bird use we have grouped tran-
sects into three nmin categories, designated as gravel
beaches (G, |agoon and sl ough edges (E),and littoral flats
(). W established a simlar systems of transects at
Prudhoe Bay designed primarily to test the effects of habitat
di sturbances by sanpling disturbed and undisturbed habitats,
and in Fish Creek Delta to neasure shorebird densities on the
extensive littoral flats and slough edges of that area.

W suppl emented our regular transect census information
wi th observations and density neas.urements made in brief
visits to several other sites: Icy Cape, Wainwright, and
Peard Bay west of Barrow, Lonely, near Pitt Point, oliktok,
east of the Colville River, and a site west of Harrison Bay
near Cape Halkett, all along the Beaufort Coast (Figure 1).
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Table 2. Littoral zone transects studied at Barrow 1975-1978.

Transect Year s Length (m Wdth (m Habi t at
Code Censused
BA P 3 1000 50 G
BB D 3 2900 50 G
BBS 4 1000 50 G
BBV 1 1000 50 G
BCB 3 1000 50 G
BCN 3 1000 50 G
BCS 4 1000 50 G
BDM 3 1000 50 G
B DC 1 1000 50 G
BPP 3 1000 50 G
BPS 3 1000 50 G
BRW 3 1000 50 G
BTW 3 1000 50 G
BWS 4 1000 50 G
BBP 4 300 100 F
BGF 4 500 100 F
BNL 4 500 100 F
BNT 3 500 100 F
BVL1 2 500 50 F
BVL 2 2 500 100 F
BCM 2 1000 50 E
BMVE 3 500 50 E
BMW 3 500 50 E
BNB 4 1000 50 E
BNE 4 500 50 E
BVE 2 500 50 E
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Airplane flights between these sites and our principal study
sites gave us nore extensive but |ess detailed information on

the distribution and availability of habitats and on concen-
tration areas of shorebirds along the coast.

Transect censusing

Permanent transects were marked with stakes at 50 neter
intervals. In relatively uniformhabitats such as mudflat,
saltmarsh Or tundra, transects were straight and 100 neters
in wwdth with 50 nmeter stakes running along the center line
of a double row of 50 x 50 meter square plots. At Barrow
transect distances varied from 300 neters to 1000 neters
(Table 2). Shoreline transects, such as along | agoon edges
or ocean beaches, consisted of a single row of 50 neter x 50
meter square plots follow ng the shoreline. These transects
varied from 500 neters to 2900 neters.

Ve censused transects once every five days and have
averaged data fromall years pertaining to five day periods
t hroughout the summer. ~“Barrow study seasons differed in
different years: 16 June - 3 Septenber 1975, 6 June - 18
Septenber "~ 1976, 16 July - 18September1977,and1l July - 29
August 1978. W censused in all four years during the nine
periods of heaviest littoral zone activity for nost shorebird
species, 19 July through 29 August. I n di scussions of
inter-year variability, only these 9 periods are considered,
but for full season data, average densities are conputed
based on the appropriate nunber of density estimates. The
nunber of transects censused in different years also varied,
primarily as a result of logistic considerations. Number of
years each transect was censused is given in Table 2.  CQur
census objective was to determine an instantaneous density on
each 50 neter by 50 meter plot by locating, identifying and

counting each individual. Sone factors affecting censusing
are discussed in Results.

At Prudhoe Bay we censused transects continuously in 5
day intervals from1 June to 10 Septenber, 1978. Transect
| ocations and sizes are shown in Figure 3 and Table 3. At
Fish Creek Delta in Harrison Bay our censuses ran from 26
July to 29 August, 1980. Al transects at that site were
1000 mlong by 100 mw de (Figure 4).
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Table 3. Transects studied at Prudhoe Bay in 1978.

Transect Length(m) Wdth(m  Transect Length(m Wdth(m

Code Code
PAB 1000 50 PPI 250 50
PBB 500 100 PP 2 250 50
PBS 500 100 PP 3 250 50
PDW 1000 50 PP4 250 50
PEB 1000 100 PPB 500 100
PED 400 50 PPM 1000 50
PF1 700 100 PPU 350 50
PF 2 800 100 Ps 1 500 50
PG 1 500 100 Ps 2 500 50
PG 2 500 100 PRB 400 100
PG 3 500 100 PSB 1000 100
PG 4 500 100 PSR 500 100
PG 1000 50 Pss 1000 100
PIS 500 100 Pw 1 1000 50
PMF 300 100 Pw 2 1000 50
PNO 150 100 Pw 3 1000 50
Pos 150 100 PWM 1000 50
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Habitat characterization

We present general descriptions of the shorebird habi-
tats studied in Results below. To characterize our transect
habitats quantitatively for further analysis we described the
littoral zone transects by measuring six variables for each
50 neter plot:

1. Distance from shore (DSHORE): distance from center

of 50 neter plot to nearest major shoreline (e.g.
ocean, |agoon, river).

2. Wdth of normal flood zone (NORFLZ): di stance from
mean water |evel to highest |evel inundated during
nost years. Determned by recent drift material and
by vegetation.

3. Wdth of maximum flood zone (MAXFLZ): distance from
mean water level to highest water |evel as indicated
by farthest inland driftwood line.

4,  \Water cover (WATCOV): percent of plot covered by
wat er .

5. Substrate (SUBSTR): particle size gradient classi-
fied as mud (1), fine sand (2), coarse sand (3),
fine gravel (4), coarse gravel (5).

6. \Vegetation cover (VEGCOV): percent of exposed area
covered by plants.

These six conponents were used in principal conponent
anal yses (Morrison, 1976) and as our results will show they
were sufficient to identify the principal distinctions be-
tween groups of littoral habitats. W also recorded three
additional categorical variables for each plot: major |and
form habitat form and major plant taxa on the plot (Connors
and Risebrough, 1978). W evaluated these in our subjective
classifications of littoral habitats into three basic types;
the results agreed with the quantitative analyses based on
the first six variables (see Results{. These™ cat egori cal
variables also contribute to a useful description of habi-
tats, conveying a nore easily comunicated picture of the
habitats than 1s possible with the quantitative analysis.

Habi tat descriptions were performed during August to
represent the conditions experienced by shorebirds during the
peri od of heaviest use each year. Only one variable, percent
wat er cover, iS sensitive to the date of measurenent; all
other variables remain fairly constant throughout the summrer.

Foragi ng nicrohabitat neasurenents

During Tate summer of 1976 at Barrow, we recorded six
variabl es describing mcrohabitat in the inmediate vicinit%
of points where shorebirds foraged in the littoral zone. he
variables were: distance from foraging point to water |ine,
depth of water at foragin? point, grain size at foraging
point, distance to neafest algae from foraging point, dis-
tance to nearest vascular plant from foraging point and depth
of penetration of the bird s bill into the substrate. W
measured a total of 1210 foraging points on 9 common shore-
bird species (Connors and Risebrough, 1977). W used factor
anal ysis (Wallace and Bader, 1967) to extract coordinates
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whi ch combi ned the nmeasured variables to represent the mgjor
envi ronment al gradi ents which describe the differences in
species foraging mcrohabitats. The space defined by these
new coordi nates can be thought of as mcrohabitat space wth
different areas representing different types of mcrohabitat.
The locations of each species’ foragin? points within this

m crohabitat space then define the differences in foraging
preferences anong the species.

Trophi ¢ studies

W colTected 136 individuals of 13 species over the
years 1975 - 1978 at Barrow and a few nearby sites (Table
13). Al were collected by shotgun with inmediate Injection
of a formalin solution into the stomach and esophagus to
preserve ingested prey items. These organs were subsequently
renmoved in the |aboratory where prey items were identified
and counted. W also recorded the tat condition of each bird
using a scale which conbines the OCSEAP seabird fat code with
a traditional museum fat description as follows: Code 1, no
fat; Code 2, little fat; Code 3, noderate fat; Code 4, heavK
fat; Code 5, excessive fat. Prey identified in bird stomachs
were conpared with densities and distributions of prey
sanpled 1n the foraging substrate (Wwth cores and sieves) or
in shallow water using a floating plankton net. The rectan-
gular net (30 cm wide by 14 cm high at opening) was towed
parallel to shore along beaches to sanple zoopl ankton avail -
able to foraging phal aropes (Connors and Risebrough, 1977).

Phalarope Oil film experinents

To test the responses of phalaropes to thin oil filnms on
water, we first constructed a cylindrical pen of hardware
cloth (1.9 cmnesh) , 1.5 m diameter, 1.4 m height, w apped
with black plastic to a height of .6 mto isolate birds from
visual distractions. Wthin this pen, we placed a continuous
ring of 8 identical shallow galvanized nmetal pans, each 40 cm
I nner diameter, 9 cmdepth. A central plywood disc or table
(80 cmin diameter) rested on all 8 pans, but left nost of
each pan uncovered. A bird standing on the center table had
a choice of entering any of the pans which forned a symetri-
cal ring around the circunference of the table. During the
experinments, all pans contained seawater to a depth of 7 cm
and equal densities of live brine shrimp, Artem a
franciscana, (1.3 ml drained brine shrinp per pan, equal to
approximately 150 prey itens).

Juvenil e Red Phalaropes were acclimated to the experi-
mental setup for 2 to 3 hours with water containing prey, but
no oil. This acclimation period was necessary because the
initial response of wild birds introduced to the cage often
entailed fluttering escape attenpts which resulted in the
birds falling into pans. W w shed to observe choices by the
birds, not accidents. _ _

For choice experiments, we placed a thin filmof oil on
4 pans alternating with 4 clear pans around the circunference
of the table. Al pans contained equal anmounts of water and
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prey. QOled pans contained 10 m of a 1:1 mixture of Prudhoe
crude oil and diesel fuel (JPR-5). This formed an irregular
surface film of small patches and spots of a nedi um brown
sem transparent film covering approximtely 60% of the
surface. To our eyes, the oiled and clear pans appeared
distinctly different. Myving prey could be readily seen in
both clear and oiled pans, but they were nmore visible in

cl ear pans.

O initiate an experinment, the bird was placed under a
smal | box in the center of the table. The box was hoi st ed
snoothly to the top of the cage by renote control, rel easing
the bird in the center of the table to choose a foraging pan.
Two observers sat inside a nearby |aboratory above the cage,
recordi ng novenents, behavior, and sequence and duration of
choices for a trial period of 15 minutes per bird. The
behavi or of nost birds, entailing a period of inspection of
several pans fromthe table edge before entering any pan,
| eads us to conclude that the birds were in sonme way choosing
foragi ng pans based on the results of that initial inspec-
tion. The inspection period often |asted several mnutes and
i ncluded visual inspection of many or all pans. Choi ces were
scored when a bird entered a pan directly fromthe table, and
duration of foraging periods was tinmed until the bird left
t he pan. Until the end of the 15 minute trial period, sub-
sequent entries were scored as sequential choices.

In a second experiment, phalaropes previously acclimated
to swnmmng and foraging in a 15 gallon glass aquarium (rec-
tangular, 30 cm x 60 cm x 8 cm depth of seawater) were pl aced
singly in the aquarium containing -9 ml of drained brine
shrinp (approximately 100 prey). Behavior of each bird was
timed for 60 seconds in the absence of oil and in the
presence of very thin film (1.1 mand 2.8 m of the 1:1
m xture of crude oil and diesel fuel.
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IV. RESULTS AND DISCUSSION

The census data and habitat descriptions can be conbined
and analyzed to focus on several separate questions relevant
to shorebird littoral zone ecology. In this section we
address these topics sequentially, presenting initial results
and anal yses and discussing our 1nterpretations and concl u-
sions regarding each topic. We begin with some cautionary
and explanatory remarks regarding our nethodolog%, fol | oned
by brief descriptions of the principal types of habitats of
interest along the Beaufort coast. W present an overview of
t he seasonality of habitat use by arctic shorebirds, and then
di scuss annual variation in shorebird nunbers, habitat dif-
ferences and shorebird habitat use.patterns, geographic
variation, shorebird diets, fat accunulation schedul es
effects of habitat disturbances on shorebird densities, and
responses of phalaropes to spilled oil. Fromthese results
we identify sensitive areas, habitats, species and tinmes wth
respect to petrol eum devel opnent. Finally, we present
accounts of species distribution and littoral zone ecology in
Appendi x.

FACTORS AFFECTI NG CENSUS RESULTS

Habi tat density averaging

[n dealing wth Targe nunbers of transects in a variety
of habitats, a decision nust be made concerning the hierarch
of averaging steps in conbining habitats to determne a fina
overal | density. In our calculations the basic data were
densities in birds per hectare for each species on each
transect treated separately. On the basis of our habitat
analysis we classified all littoral transects into three
habi tat groups, discussed below. At step two we cal cul ated
the average density for each habitat type as the nean of the
densities for each transect within that habitat group. W
then cal cul ated an overall aver%ge density as the nmean of the
three habitat type densities. Inally we averaged these
densities for all years censused (usually four years) to
achieve our final nean density for each census period.

We considered two alternative methods of averaging. The
si npl est procedure would be to calculate directly the overal
density by dividing the total nunmber of birds of a species
found on all transects by the total area of all transects
censused. This value would be weighted by the amounts of
different habitat types studied. [t might be the nethod of
choice if a study is of primarily local significance and if
transects can be placed in proportion to the amounts of
habitat types available |ocally. _ _ o

The second alternative, conputing the habitat densities
se aratel% by dividing total birds on transects of one habi-
tat type by total area of transects of that habitat type, is
nmore general for a study focusing on habitat densities but it
Is sensitive to variation in the sizes of individual tran-
sects. If all transects are of identical size both this

316



met hod and the nethod we chose achieve identical results.
However, conpared to the first alternative, these two pro-
cedures are sensitive to the choice of habitat divisions.

For example, we m ght have considered only two habitat types
rather than three, combining transects on littoral flats and
| agoon edges. The effect on the final calculated average
density for species wth strong habitat preferences could be
significant. For species which forage only on gravel tran-
sects, the final average density would be increased 50%
relative to the density calculated with three habitat types.
For species which forage only in littoral flat or |agoon edge
habitats, or in equal densities in both, the final calculated
average density would be reduced 25% from t hose cal cul at ed
wth three habitat types. At the other extreme, species wth
equal densities in all three habitat tyﬁes woul d have final
average densities identical by both methods. As shown bel ow,
the actual habitat use patterns of nost species occur between
these extrenes; Figures 21 and 22 allow an estimate of the
effect just described. W chose our habitat density
averaging method to give us results which relate closely to
habitat differences in the littoral zone but which consider
all transects as equal estimates of the density at a parti-
cular site irrespective of transect size.

Turnover rate
The densities of transient populations calculated from

censuses at any site are determned by tw factors, the total
nunbers of birds passing through the site and the anount of
time each individual bird stays at the site. This second
factor is relatively uninportant when censusing stable popu-
lations, for exanple territorial breeding birds of man

speci es, because individuals remain at the site for a [ong
tine; the nunber censused at one time is a good estimte of
the total nunber of individuals present throughout the
breedi ng season. \Wen mgrational novenents are studied,
however, turnover rate becones an inportant factor in inter-
pret|nP measured densities. At a site where birds are con-
tinuall'y passing through, changes in turnover rate can
greatly affect neasured densities even though the nunmber of
I'ndividual s passing the area remains the sane. To illustrate
this affect, let us assume a total of 100 birds of a species
are noving through our census area. W will census every day
fromlong before to long after the birds pass through.
Assume further that the arrival of the 100 birds is regular,
with 10 new birds arriving on each day for 10 subsequent

days. Table 4 shows the effect on peak number or density and
cunul ative number or density to be produced by varying the

| ength of tine each individual stays. A ten-fold iIncrease in
| ength of stay will produce a ten-fold increase in peak
densities and in cunulative densities with no change in the
nunber of birds passing through. Cearly, in the absence of
information on turnover rates, density neasurenments of m -
%rating birds cannot give reliable population estimates.

his problemis central to the question of estimating popu-
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Table 4. Effects of turnover rate on peak numbers and cunu-
|l ati ve nunbers recorded. Assune daily censusing at study
site where 10 migrant birds arrive each day for 10 consecu-
tive days:

Length of stay, Peak nunbers Cumul ative nunber
each i ndividual censused censused

1 day 10 100

2 days 20 200

10 days 100 1000

20 days 100 2000

lation effects of environmental disturbances. For exanpl e,
our measured densities of mgrating Red Phal aropes at Barrow
permt us to estimate mninum nunbers of birds potentially
affected by an oil spill, but wthout some estimate of turn-
over rate they do not provide estimates of actual populations
af f ect ed.

The sinple exanple above is artifical, chosen for denon-
strative purposes. For nost species in mgration, arrival,
departure and interval dates are probably nodally distributed
rather than regularly distributed but environmental factors
such as storns or changes in food supplies may increase the
degree of synchrony, especially in southward departure date.
As a result, turnover rates for different individuals my
di ffer depending on date of arrival. Variation of turnover
rate was in fact suggested in an experiment we performed on
Red Phalaropes in 1976 (Connors and Risebrough, 1977).
Forty-seven juvenil e phalaropes were trapped and released in
six groups on different dates from8 to 23 August 1976. Each
group was marked with paint in a different color pattern for
easy recognition in the field. Subsequently we searched for
marked individuals throughout the entire Barrow spit area on
11 different times between 11 and 25 August. W resighted
eight individuals, all in the early part of the experinent.
The pattern of resightings in relation to the proportion of
total birds marked suggested that from 11 August through at
| east 15 August nost birds remained in the area for at |east
four days. After 15 August, however, we had no resightings,

i nplying a much quicker turnover rate in phalaropes in the
Barrow spit area. A much nore extensive refighting effort
woul d have been necessary to closely determ ne turnover rates
during these different periods. However, our tentative
interpretation of these results is consistent with the over-
all census results which show a steadily increasing popul a-
tion of Red Phal aropes from August 5th through August 15th
and a fluctuating population after August 15th, apparently as
groups of birds left and new birds continued to arrive. The
I mportance of this high turnover rate in nost of August and
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early Septenber to assessnent of oil-related inpacts is
clear. A local habitat disturbance such as an oil spill,
which mght remain in a local area for 1 month or nore, has
the potential to affect several times as many phal aropes as
are present at anY one time on the area. \Wave after wave of
m grating Red Phal aropes from undi sturbed areas mght be
affected as they pass through the disturbed area.

Species differences in response to observers

ATThough we censused all birds that occurred on our
transects, we report here the results primarily for shore-
birds and passerines and secondarily for gulls and terns.
Qur reason for omtting many other ‘species, in particular the
| oons and waterfowl, relates to our choice of transect and
census nethod. The size and type of transect was chosen
specifically to allow identification of all shorebirds on
each plot. This required censusing at a scale and distance
which is inappropriate for many |arger species which react to
an observer at greater distances. Thus our data on densities
of waterfow censused in this manner woul d be m sl eading.
Simlarly a nmethod of choice for neasuring densities of
Yell owbilled Loons, for exanple, mght require aerial
surveys which would be of little or no use for neasuring
shorebird densities.

HABI TAT DESCRI PTI ONS

Qur habitat anal yses based on six neasured variabl es
present objective reasons for grouping our transects in
several habitat tYPeS' A general description of each of
t hese habitats fol [ ows
G avel beach

Most shorelines of arctic spits and barrier islands
consi st of gravel beaches. These are ice-scoured and subject
to gravel novenment during open water storms. There are no
benthic infauna of any nmgjor inportance to shorebirds.  Upper
| evel s of these beaches are sparsely vegetated with salt
tol erant plants such as Honckenya peploides and Elymus
arenarius. Gavel beachés may be backed by high r|ﬁges of
deposited beach gravel or by tundra shores, especially where
gravel beaches occur along the nmainland.
Littoral flats and saltmarsh

These habitats are grouped together because in nost
cases theY vary only in the degree of vegetative cover. They
are usually very flat, slightly above mean sea |evel and
Protepted fromwave action. Theg_are mai nt ai ned by periodic

looding with salt water during high stormtides. ~ Substrates

sometimes consist of gravel but usually this is mxed with or
replaced by finer grain sizes. These habitats are stable and
harbor popul ations of benthic invertebrates. Common and
characteristic plants in these habitats include: Puccinellia
phryganodes, Carex subspat hacea, Carex ursina, andTn [essS
frequently f| O0d€d areasS, Stellaria humifusa, Cochlearia
officinalis and Dupontia fischeri.
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Sl ough and small |agoon edges _
This category includes the borders and fringes of all

bracki sh and estuarine areas but excludes the large open
wat er | agoons such as Elson Lagoon. Sloughs may vary from
smal | streams entering the ocean to |agoons of one kiloneter
or more in diameter wth openings to salt water at |east
during storm conditions. orders of sloughs and |agoons vary
widely, from gravel shores, especially near the nouths of

| agoons, to tundra banks, sometines wth a narrow nud margin,
and to broad areas of mudflat and even saltmarsh. Thus this
category and the previous one nerge in nmany instances and
bird use in these cases is simlar.

Mai nl and shores

Beaches along the mainland may be exposed or partially

Protected by barrier islands. Beach types vary from gravel

o fine sand and may be broad and flat or narrow backed by a
tundra cliff. Narrow tundra backed beaches have |ower densi -
ties of bird use than any of the other littoral habitats
described. At Barrow we had only one transect in this habi-
tat which was abandoned after two years for |ogistics
reasons. Qur observations of habitats of this kind at other
sites in the Beaufort and northern Chukchi corroborate our
conclusion that it is the least used of all littoral zone
habitats by arctic shorebirds. Minland beaches do support
moderate densities of shorebirds in some areas however
especially if they are near sloughs, |agoons or gravel spits.

Tundr a
—  The final general category considered in our studies

consists of all non-littoral habitats, classed as tundra.
This varies from well-drained uplands to very wet |ow ands.
We distinguish lowland coastal tundra fromlittoral habitats
such as saltmarshes on the basis of saltwater influence.
Littoral habitats are at |east occasionally inundated by

sal twater and always differ from tundra habitats in the
anePce of tundra vegetation or the presence of salt tolerant
pl ants.

SEASONALI TY OF HABI TAT USE: AN OVERVI EW
The transect census data Yield a phenology of habitat

use. Figure 6shows the general pattern of shorebird

seasonal ity at Barrow, contrasting densities neasured on
tundra and littoral transects. Tundra data in this and
subsequent sections are drawn fronwhgers and Pitelka (1980)
and Connors et al. (1979). During the nesting period in June
and July, activity centers on the tundra. Wen birds
initially arrive 1n late May and early June, nost shoreline
areas are frozen and inaccessible. As snow nmelt progresses
during this period, birds establish territories on nemﬁy
exposed tundra. Eggs are incubated during June and early
July with hatching in late June through md-July. The nmmin
rey base for shorebirds during this interval consists of

reshwat er zoopl ankton and inséct |arvae and adults (Hol nes
and pitelka, 1968). For several species (Red Phalarope,
Pectoral Sandpiper) the nesting participation by one sex ends
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before young are fledged. These released adults, together
with other non-breeding or failed-breeding adults, occur
i ncreasingly on mudflats, |agoon edges and ocean shorelines
as meltoff in these areas proceeds. As juveniles fledge in
late July and August, large nunbers of renaining adults and
young occur along shorelines, shifting to a diet of oligo-
chaetes and insect |arvae on mudflats, and a wi de variety of
mari ne zoopl ankton along the shore. By md-August the |it-
toral zone has becone a major fora?ing area for many species.
Birds of different species and different age or sex classes
depart Barrow to begin their southward mgration at different
times throughout the summer but by m d-Septenber few birds
remain.

The marked shift in habitat use fromtundra to littora
use as the season progresses, displayed in Figure 6, is a
conposite of many individual species patterns. Speci es
differ in the timng of population novenents as well as the
rel ati ve magnitude of use of different habitats. As Figure
6B indicates, the shift to littoral habitats in |l ate sumer
is nost pronounced for Red Phalaropes but is also a feature
of the habitat use patterns of nost other species. In the
Appendi x we discuss the seasonal habitat use patterns and the
overal | seasonality of littoral zone use for each of the
common species individually.

ANNUAL VARI ATION I N SHOREBI RD DENSI TI ES

Arctic ecosystens are commonly characterized as subject
to extrenely high variation in environmental and biol ogical
conponents but the data to exam ne annual variation are
scarce. In this study we have maintained a schedul e of
frequent and regular censuses on fixed littoral zone tran-
sects at Barrow for at |east the post-Dbreeding season in four
consecutive years, 1975-1978. Shorebird densities recorded
by the same nethodology on simlar tundra transects are
available from Myers and pitelka (1980) for five years
(1975-1979) at Barrow and three years (1977-1979) inland at
At kasook (100 km south of Barrow). These data, together with
daily meteorological records from Barrow, provide a unique
opportunity to exam ne patterns of annual variation in num
bers of shorebirds using the littoral zone at one site on the
arctic coast. This conbined data set consists of approxi-
mately three thousand separate transect censuses over the
five year period.

0 concentrate on annual variation we will consider
littoral zone densities only during the |ate sumer period of
heavy use, censused consistéently in all four years of the
study. Qur approach involves the use of Pearson correlation
analysis to look for relationships among groups of species in
different periods at different locations and with
environnmental variables. W wish to consider the question of
whet her the |ate summer shoreline nmovenent anong shorebirds
represents just the local birds shifting habitats or is
Instead a w despread phenonenon drawing birds from farther
away.
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Conpari sons among Study sites

Tabl e 5 gives nean densities and coefficients of
variation of breeding pairs on tundra and of post-breeding
mgrants in the littoral zone for eight comon shorebirds at
Bar r ow. Both data sets are for the same four years
1975-1978. The anount of annual variability by species is
weakly correlated between these two habitat periods. Speci es
which vary widely in breeding densities tend to vary wdely
i n post-breeding shoreline densities also. Furthernore the
magni tude of variation is conparable in both habitat perids.
Three species showed w der variation in breeding densities
and five species showed wi der variation in post-breeding
densities. This does not necessarily inply a close
rel ati onship between shoreline densities and |ocal breeding
densities but may rather indicate consistent species
di fferences in popul ation dynam cs over w der geographic
areas.

Anot her indication of species differences in population
dynamics is given by our correlation analyses of the relative
a%undances of different species between years at each of our
sites. We find that breeding densities are correl ated
between years at Atkasook and at Barrow and post-breedi ng
littoral densities are correlated between years at Barrow.
The nedi an dates of post-breeding nmovenments in the littoral
zone are also correl ated between years. These correlations
are not surprising however since they indicate nothing nore

than that sone species are consistently nmore common than
ot her speci es.

The degree of annual variation within a single species
is shown in Figures 7 and 8A for Sem pal mated Sandpi per
densities on early summer tundra transects and on |ate sunmer
littoral transects. In three out of four years the peak
density recorded on the tundra occurred in early July as an
early novenment of post-breeding adults. On littora
transects the peak densities occurred in each year near the
end of July as large nunbers of premigratory juveniles
foraged on mudflats, in saltmarshes and on the edges of
| agoons.

To investigate the causes of this annual variation we
| ooked for patterns in correlations between density
measurenments at different sites. Annual variation in
post-breeding densities in the littoral zone was not
correlated with variation in breeding densities at either the
| ocal Barrow tundra site or at Atkasook. This correlation
m ght not be expected even if the post-breeding novenent
consi st ed Frinarily of local birds because breeding densities
do not tell us all we need to know about productivity in each
year; since the post-breedinP littoral zone novenent is
conposed pr|nar|ty of juveniles of nost species, annual _
variation in productivity mght override annual variation in
breedi ng density anong |ocal birds. However, coupled wth
our observations of shoreline novenments of species which are
particularly common at Barrow or at other sites along the
coast, we conclude that annual variation in post-breeding
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Figure 7. Annual variation in Semipalmated Sandpi per breedi ng season
densities on tundra transects, 1976-1979.

mgrant densities at Barrow reflects nore than just |ocal
breedin? density fluctuations. Birds foraging in the
littoral zone at one site may be drawn from breedi ng areas
distant fromthat site.

Correlations with tenperature variation

We | ooked for relationships between shorebird densities
and tenperature in the following manner: we calculated the
cumul ative tenperature deviation - the cunulative anmount the
tenperature differs above or below the mean tenperature for
each date - for _several periods of ornithol ogica
significance. This calculation separates years of warner
than average tenperature from years of colder than average
tenperature for each period. esting a large nunber of
speci es agai nst several tenperature periods is likely to
produce at least a few apparently significant correlations
In evaluating this nmatrix of correlations we |ooked for
patterns of correlations exhibited by many species wth
temperature during a particular calendar period. Qur
objective criteria for this test required first a significant
sign test over all species in one tenperature period (al nost
all species with correlation coefficients of the sane sign)
and agreenment in simlar but overlapping cal endar periods,
that i's, an insensitivity to the exact cutoff date chosen for
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Table 5. Mean densities of conmmon Barrow shorebirds.

Tundra Littoral
Breeding d¢nsity , Post-breeding

Density c.V. Density C*V.
Col den Pl over .11 36 .02 74
Ruddy Turnstone .05 42 .20 41
Semipalmated Sandpi per .33 38 1.01 88
Pect oral Sandpi per .33 106 .19 93
Bai rd’ s Sandpi per .09 31 .13 29
Dunlin . 38 17 . 89 53
Long-bill ed Dowitcher .02 82 27 97
Red Phalarope 21 61 5.48 77

lFour—year mean of breeding adults (Myers and Pitelka, 1980).

2c.v. = coefficient of variation over four years.

3Four-year mean of mean densities on littoral transects during
period 16 July - 29 August.

Table 6. Shorebird densities and tenperature trends at Barrow
patterns across species.

Hi gher Tundra Littoral Post - Br eedi ng
Tenper at ures Br eedi ng Post - Breedi ng Movenent
During Densities Densities Medi an Date
Pre- br eedi ng
Breeding o e - -
Post - br eedi ng - Hi gher Earlier
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our periods; and second, some individual species correlations
which are significant at p<.05, with agreement in simlar
periods. Table 6 shows the only observed patterns of
correlations between densities and tenperature. W found no
general correlation between early sumrer tenperatures, which
may determ ne the pattern of snow nelt, and shorebird
densities during any period. However, the magnitude and
timng of post-breeding shoreline novenents are correl ated
with post-breeding tenperatures; in years of warmer than
average |late summer tenperatures littoral zone densities are
hi gher and nmigration peaks are earlier. It is surprising
that post-breeding mgrant densities are influenced nore by
| ate summer tenperatures than by |ocal breeding season
tenperatures, and this suggests that birds respond to
conditions within the littoral zone durin% | ate summer. The
nunbers of birds available to use the littoral zone nust

al ready be determ ned before this ﬁeriod (by breeding
densities and productivity), but the nunbers which actually
move to the littoral zone, the geographic distribution of
birds along the coast within the littoral zone, or the
turnover rates of individuals mgrating within the littora
zone mght be involved in this effect. The significance of

changes in turnover rate on population estinmtes was
di scussed earlier.

Speci es conpari sons

Conparisons of annual variation anong_species also
su?gest that conditions in the |ate summer littoral zone
affect the densities of migrant birds. Figure 8 shows annua
variation in littoral post-breeding densities for two
ecologically simlar species, Semipalmated and Western
Sandpipers.  The correspondence of these two sets of data is
remar kabl e in magnitude, shape and tinin% in spite of huge
annual fluctuations. It also suggests that these
fluctuations are not random there nust be sone environnental
variation affecting both species simlarly. We can conpare
variation in the tw species graphically by expressing each
year’s cumul ative density as a percent of the four year
total, Figure 9. Simlarly, Figure 10 displays a high
correspondence of variation. in densities of Pectora
Sandpi per and bDunlin Wi th Sem pal mated Sandpi per. These
three species, with Western Sandpi per, form a group of
speci es whose nunbers fluctuate simlarly fromyear to year.
Red Phalaropes and Ruddy Turnstones conprise another group
with nunbers displaying a different pattern of annual
variation. W conclude that these groups of species respond
simlarly to annual variation in some undeterm ned
environnmental factors.

W wish to test whether these species which fluctuate
simlarly year to year are associated through sone aspect of
their ecology during the breeding or post-breeding seasons,
since this mght provide a clue to the environnenta
mechani sm which relates to these fluctuations. W classify
all comon Barrow shorebirds by breeding habitat on the basis

327



SEMIPALMATED SANDPIPER

100

50

Figure 9.

50
WESTERN SANDPIPER

100

Per cent of 4-year cumulative density during post-breeding

period on littoral zone transects, 1975-1978

328



SEMIPALMATED SANDPIPER

SEMIPALMATED SANDPIPER

100

50

100

50

Figure 10.

50 0
PECTORAL SANDPIPER

50 100
DUNLIN

Per cent of 4-year cunulative density during post-breeding
period on littoral transects, 1975-1978.

329



of habitat studies by Myers and Pitel ka (1980) and again by
Bost-breeding habitat on the basis of our results discussed
elow (Table 7). If we consider all pairs of species which
show correlations in annual variation in post-breeding
nunmbers (Table 8), we find that species which fluctuate
simlarly in the littoral zone do_not in general share the
same breeding habitats (p=.14). They do however occur _
together in the same post-breeding habitats (p<.005). This
inmplies a connection of some sort through conditions in the
littoral zone during the post-breeding period. W have also
shown a relationship between post-breeding density and
tenperature during the post-breeding period which bolsters
this concl usi on.

What sort of affect can this be? Since it occurs after
the birds have left the tundra, it is unlikely to be mediated
t hrough changes in breeding productivity, but post-fledging
survival once birds reach the littoral zone may be involved.
Differences in weather stress or in foraging profitability,
through variable prey conditions, storm water |evels or other
habi tat changes during or before this period nay be
responsi ble. ~ These mght affect the survival of individuals,
t he geographic nmovenents of birds over local or |arge areas,
or the length of tine individuals remain in one area during
mgration. Environnental perturbations in these littora
habitats, such as m ght accon?any oi | devel opnent, wll be
expected to produce density fluctuations in species groups of
m grant shorebirds? not just individual species.
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Table 7. Seasonal habitat groups of common Barrow shorebirds.

Breedi ng Habitat G oups

Low and Tundra Upl and Tundra

Pect or al Sandpi per Gol den Pl over

Red Phal ar ope Ruddy  Turnstone
Northern Phalarope Semipalmated Sandpi per

Western Sandpi per
Baird’'s Sandpi per
Dunlin

Post - Breedi ng Habitat G oups

G avel Beaches Littoral Flats,
Lagoon Edges

Ruddy Turnstone Gol den Pl over
Sander | i ng Sem pal mat ed Sandpi per
Red Phalarope Western Sandpi per

Baird’ s Sandpi per
Pectoral Sandpi per
Dunlin

Long-Billed Dow tcher
Nor t hern Phal arope

Table 8. Species - pair correlations of annual variation in
post - breedi ng densities.

Br eedi ng Post-Breeding
Wthin Habitat
G oups 6 18
Bet ween  Habi t at
Groups 12 2
X? - Test P = .14 P<. 005
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HABI TAT STUDI ES

We approached the inportant questions of shorebird
habitat use on four different habitat levels. First, the
broad division of tundra vs. littoral habitats determ nes
some limts to exposure of each species to devel opments
concentrated offshore or onshore. Second, we focused on
activities inthe littoral zone and grouped littora
transects into three general habitat categories. W
evaluated the relative use of these three habitat groups for
each species, since development effects within different
littoral habitats will vary by species. Third, using 6
vari abl e descriptions of each 50 neter by 50 meter plot, we
exam ned the resPonses of species to these nore detailed
descriptions of |ittoral zone habitats and were able to
relate in the sane habitat space transects at geographically
different sites. Finally, we exam ned the foraging habitat

preferences on a mcrohabitat scale for several species.

Tundra vs. littoral habitat

Species vary wdely in their relative use of these two
maj or habitat classes during breeding aand post-breeding
periods. Red Phal aropes (Figure 11 A,B) nest on the tundra
but nmove to shorelines as breeding activities finish in
successive waves of adult fenales, adult males, and finally
juveniles. Peak densities in littoral habitats are many
times higher than on the tundra. Qher species such as
Anmerican Col den Plover, (Figure 12A) are alnost restricted to
tundra habitats throughout the season. This difference in
habitat selection should have a marked effect on the relative
susceptibility of these two species to potential effects of
of fshore oil devel opnent. Phal aropes may be extremely
sensitive to oil spills which would have al most no effect on
Gol den Pl over populations. Oher species show intermediate

atterns. Dunlins (Figure 12B) shift fromtundra to littoral
abitats in late sunmer, but not to the sane extent as
Phalaropes. Adults renmain at Barrow throughout August and
early Septenber and both juveniles and adults occur on tundra
as well as littoral habitats. Sem pal mated Sandpipers
(Figure 35) show a fourth pattern utilizing some littora
habitats (slough edges and littoral flats) during the
breedi ng season where these occur in the vicinity of tundra
nesting sites. Use of littoral habitats increases with |ate
sumrer but this species remains common on tundra as well.

We have classified the comon Barrow shorebirds into
four categories based on seasonal differences in the relative
use of these two habitat classes (Table 9). These are

eneral patterns which tend to gloss over distinctions
etween species within groups but they indicate some of the
maj or difrerences in seasonal habitat use patterns which
result in differences in species susceptibility to oi

devel opment. As another step in this process we have
calculated the relative littoral zone use, taking into
account the differences in areal extent of these habitats in
the Barrow vicinity for each of the species (Figure 13;
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Table 9. Seasonal habitat use patterns of common Barrow
shorebirds. (T = Tundra; L "Littoral)

Post- Post-
_ br eedi ng fledgi ng
Cat egory Breeding Adul t Juvenile
T T T Gol den Pl over
Pectoral Sandpi per
I T T+L T 4L Dunlin, Long-billed
Dowitcher
N T +L T+L T+L Véstern,
Sem pal mated,
Bai rd’ s Sandpi pers
v T T+L L Red Phal ar ope,
Ruddy Tur nstone,
Sanderling

Table 10. Principal conponent correlations for the habitat
variables. Correlation coefficients and per cent of

total variance associated with first and second
princi pal conponents.

VARI ABLE PC | PC Il
DSHORE .91 -.20
NORFLZ .79 -.07
MAXFLZ .15 -.49
WATCOV -. 76 .32
SUBSTR -.66 -.70
VEGCOV .67 .59
TOTAL VAR ANCE 58.1 78.8
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Figure 13. Relative use of littoral habitats by shorebird species in
the Barrow area. (A) includes species from categories I and

I, Table 9; (B) corresponds to category IIl, (C to
category IV.
Connors et al., 1979). These patterns in relative littoral

zone use agree with the four categories of habitat use
patterns listed in Table 9.

Littoral habitat groups

The principal conponents analysis based on six habitat
vari abl es assigned to each 50 neter by 50 meter square plot
on each transect produced results shown in Table 10. The
correlations indicate that the first principal conmponent
(PC 1) should be interpreted as separating gravel beaches and
| agoon and sl ough edges from mudflats and sal t marshes. PC I
further separates gravel beaches_fron1laPoon and sl ough
edges. This produces groupings in a newy formed habitat
space which correspond to the three categories - grave
beach, slough edge and littoral flat - into whichwehave
subjectively grouped our transects (Figure 14). Al though
overal | agreenent between the two grouping systenms isS high, a
few transects appear msplaced. In particular, the transect
BMN denoted by an asterisk in Figure 14, is classed as a
| agoon edge transect in our analyses because of its location
on the shore of Mddle Salt Lagoon, an alnost closed |agoon
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HABITAT ORDINATION

SECOND PRINCPAL COMPONENT

95% confidence

ellipses

Fi gure 14.

o
FIRST PRINCIPAL COMPONENT

Locations of Barrow transects in principal component littoral
habi t at space. Gavel beaches (octagons), littoral flats

(di anonds>, and slough edges (squares). Asterisk denotes
transect BMN  See text.
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of 1.3 kilometer diameter at Barrow (Figure 2). In spite of
this topographic feature, however, the habitat description
variables do not distinguish it from a gravel beach because
it is located near the mouth of the |agoon close to the inner
edge of the wide gravel beach ridge. In fact, as wll be
noted bel ow, several species responded to this transect and
to the other mddle salt |lagoon transect (MSE) in a manner

i ndi cating internediacy between gravel beaches and |agoon
edges. Thus these transects show characteristics of both

| agoon and marine beaches in physical description as well as
in bird use

The principal advantages of this habitat classification
procedure are that it allows us to quantify aspects of
habi tat descriptions which otherwi se remain too subjective
for further analysis and that the procedure can be easily
applied by field workers at other arctic sites. Assi gni ng
vari abl es does not require extensive training. Multivariate
techni ques can then place newly described transects in
habitat space with known transects for which bird density
data are avail abl e. This permts conparison of areas studied
by different researchers and nay allow prediction of expected
bird densities based only on habitat descriptions and
geographic locality.

The essential question concerning these analyses is: do
birds respond to the differences in habitats which we have
descri bed? They do, as is shown by the next two sets of
anal yses. Using as our data base the presence or absence of
each of the thirty-one nost conmon species on our transects
(Table 11), we used a principal coordinate anal ysis (Gower,
1966) to separate transects in each of the four years on the
basi s of which species occurred on them(Figure 15). In
interpreting these figures, changes in the position of
transects between years is irrelevant. Concentrating on the
relative positions of transects within each year, we find
that in each year gravel beach transects cluster quite
separately from other transects. The distinction between
littoral flat and slough edge transects is less clear
however, suggesting that many of the same species utilize
both groups of habitats. As nentioned above, the |agoon
transect BMW (1976, 1977, 1978) is classified on the basis of
speci es occurrence as somewhat intermedi ate between ?rave
marine shores and other |agoon edges. The details o
arrangenents within groups also suggest other distinctions
made by the birds. Gavel beach transects along the mainland
shore always cluster somewhat differently than the grave
shores along Barrow Spit (Bcs in 1975; BCcs, BCN, BBD in 1976
and 1977; BCS, BCN, BBD, BBV in 1978). These anal yses show
clearly that species occurrence varies anong habitats and
t hat groups of species apparently respond to habitat
differences which are correlated with the variables we have
measur ed. It also suggests that on the basis of species
occurrence alone, the simlarities between littoral flats and
| agoon and sl ough edges are greater than between these
habitat classes and gravel beaches.
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Table 11.

Common bird species on littoral
four post-breeding seasons at

transects during
Barrow, Al aska.

COVMON  NAME

Yell ow-billed Loon
Arctic Loon

Red-t hroated Loon
Bl ack Brant

Pi nt ai |

A dsquaw

Steller's Eider
Ki ng Ei der
Semipalmated Pl over
ol den Pl over

Ruddy Tur nstone
Pectoral Sandpi per
Bai rd’ s Sandpi per
Dunlin
Semipalmated Sandpi per
Western Sandpi per
Sanderling
Long-bill ed Dowitcher
Red Phalarope

Nort hern Phalarope
Pomarine Jaeger
Parasitic Jaeger
Long-tail ed Jaeger
d aucous Gl |

Bl ack-| egged Kittiwake
Sabine's Gl

Arctic Tern

Bl ack uil | enot
Snowy OwM

Lapl and Longspur
Snow Bunti ng

SCI ENTI FI C NAME

Gavia adamsii

Gavia arctica

Gavia stellata

Branta bernicla

Anas acuta
Clangula hyemalis

Pol ysticta stelleri

Somateria spectabilis

Charadrius semipalmatus

Pluvialis dominica

Arenaria interpres

Calidris melanotos

Calidris bairdii

Calidris alpina

Calidris pusilla

Calidris mauri
Calidris alba
Limnodromus scolopaceus

Phalaropus fulicarius

Lobipes lobatus

Stercorari us ponari nus

Stercorarius parasiticus

Stercorarius longicaudus

Larus hyperboreus
Ri ssa tridactyla
Xema sabini

Sterna paradisaea

Nyct ea scandiaca

Calcarius lapponicus

Plectrophenax nivalis

SPECI ES CODE

¥yBLO
ARLO
RTLO
BLBR
Pl NT
aLDS
STE |

KIEI
SEPL
GOPL
RUTU
PESA
BASA
DUNL
SESA
VEESA
SAND
LB DO
REPH
NOPH
PQIA
PAJA
LTIA
cKel)
BLKI

SAGU
ARTE
BLGU
SNOW
LALO
SNBU
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We can also ordinate all of the species according to

whi ch transects they occur on during each year (Figure 16).
These plots are nore obscure but groups of species show ng
simlar habitat use can be distinguished and these tend to be
consistent fromyear to year. Amdng shorebirds? Red
Phalarope and Ruddy Turnstone occur together in each of four
¥ears and these are joined by Sanderling in 1975 and 1976.

he two passerine, Lapland Longspur and Snow Bunting, show
very close correspondence in the three years they were
censused. A cluster of sandpipers (Semipalmated, Western,
Pectoral, Baird s and Dunlin) usually occur close together.
Anmong ot her groups, the jaegers show a simlar habitat
distribution in nost years, as do the |oons.

Species details of habitat use

considering the habitat space defined by our principal
conponent analysis (Figure 14) we can assign values to cells
of that space representing the relative density of use by
each species for habitat represented by that cell in habitat
space. W display the results for a few species in Figure
17. This gives a detailed |ook at the differences in
distribution of use within habitat space for each species.
The relative heights of peaks indicate the relative use of
different areas of habitat space. Zero height can indicate
total absence of the species froma cell in habitat space, or
lack of a transect sanpling that cell. Regi ons characteri zed

by gravel beaches (G, littoral flats\xg), or sl ough edges
(E)are indicated. "Semipalmated and WeStern Sandpi pers, two

ecologically simlar and closely related species, display
simlar general patterns differing in the relative height of
just a few peaks. Both species occur in very |ow densities
on gravel beaches and nuch higher densities on littoral flats
and sl ough edges. Red Phal aropes show a nmarkedly different
pattern, occurring in high densities on gravel beach
transects. Dunlins show an intermediate pattern.

The next series of plots denonstrates annual variation
in patterns for three species (Figures 18, 19, 20). In this
case the densities are expressed as deviations from the mean
density; areas of |ower than average use occur as depressions
in the plain of habitat space. The many details of these
plots are not critical to our discussion but a few points are

Important. In general, we can say that there is variation
fromyear to year within a usually consistent species
pattern. In all four years Red Phal aropes (Figure 18) show a

distribution of habitat use nmarkedly different from the other
two species displayed. However, variation from year to year
within a species can be large. For both Senipal mated

Sandpi per and bunlin (Figures 19 and 20), 1977 appeared to be
an unusual year in ternms of habitat use. Both species showed
patterns in that Year which are distinct fromthe other 3
years. However, the patterns for these two species in 1977
are remarkably simlar. Dunlins in 1977 occurred in habitats
more simlar to those used by Sem pal mated Sandpipers in 1977
than to those used by bunlins in other years. This suggests
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Figure 17. Littoral zone habitat use patterns of 4 species. Pl ane
represents principal conmponent habitat space of Figure 14.
Gravel beach (G, littoral flat (F), slough edge (E).
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SEMIPALMATED SANDPIPER

Figure 19. Annual variation in littoral habitat use. See Figure 18.
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that variability in species habitat use patterns from year to
year occurs in response to environnental conditions, such as
water levels or availability of prey species of different
types. [f both species have simlar prey items (discussed
bel ow) and prey conditions vary drastically fromyear to
year, both species can be expected to alter their habitat
selectivity or foraging behavior. In the event of an oil
spill greatly altering foraging conditions, several species
mght shift their habitat use patterns to take advantage of
alternate food sources. This apparent flexibility of species
with respect to habitat preferences nag bode well in the
event of environmental perturbations, but it may also
indicate a sensitivity of species to changes in trophic

condi tions under the influence of natural fluctuations.

Foraging mcrohabitat preferences

The results of mcrohabitat foraging neasurenents on
1210 individuals of nine species of Barrow shorebirds were
presented in Connors and Risebrough (1977). To briefly
summari ze these results, factor analysis of the six
m crohabitat variables (see Methods) separated species along
m crohabitat gradients. Table 12 presents ordered |ists of
species on each of the first two factors running from

positive to negative scores. The lines to the left of each
ranki ng show groups of species defined along each gradient

using a Tukey B a posteriori multiple comparison test: each
l'ine brackets a Set of species whose nean val ues are not
significantly different at the .05 level. Factor 1 is

correlated nost closely with distance to water’s edge and

wat er dept h. Long-bill ed Dowitcher and Red Phalarope forage
in significantly deeper water than any of the other species.
Factor 2 shows a positive correlation with grain size and a

negative correlation with bill penetrability, indicating that
Sanderlings, Ruddy Turnstones and Red Phalaropes forage in
habitats with large grain size and low bill penetrability

conpared to the other groups of species shown. These species
groupi ngs, especially along Factor 2, agree wth groupings of
species by habitat preference on the broader scales discussed
above. The significance of this mcrohabitat analysis for
assessing species susceptibilities to oil-related damage |ies
in the probability that a species’ preferred m crohabitat

will be affected by oil spillage, either directly through the
presence of oil or indirectly through detrinmental effects on
the food chain. W assune that preferred mcrohabitats bel ow
the water line are nore susceptible than those above, at |east
to damage fromoil spills transported on the water. The
oil's distribution will be controlled by water transport and
thus will spread only as far as water carries it. Second, we
assune that increasing grain size indicates increased
exposure to wave action. This means that sites characterized
b% large grain size are nore likely to be inpacted because of
the increased rate of water transport in these areas.

However, the duration of inpact nay be less than in areas of
smal ler grain size once the latter are hit, for the same
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Table 12.  Shorebird rankings along mcrohabitat gradients.
Lines bracket groups with simlar factor scores.

Factor | Factor I

|Red Phalarope Ruddy Turnstone
| Pectoral Sandpi per Red Phalarope
Dunlin Dunlin
West ern Sandpi per “ Sem pal mat ed Sandpi per

Long-billed Dow tcher |Sanderl I ng
|

Bai rd’ s Sandpi per West ern Sandpi per
Sanderling Bai rd’ s Sandpi per
Ruddy Turnstone Pectoral Sandpi per
Seni pal mat ed Sandpi per ‘ Long-billed Dow tcher

reason; oil will be nore likely to be carried away in |arge
grain size, high energy environnents. Gven these

qual itative assunptions, we argue that species using

m crohabi tats falliu%.high al ong Factor 1 and high along
Factor 2 are those which will be nost frequently exposed to
oi| damage. Red Phalaropes, Sanderlings and Ruddy Turnstones
stand out in this respect. Their foraging style and habitat
choi ce expose themto conditions where they are likely to be
contam nated with oil.

However, the decreased rate of transport, which may be
inversely correlated with Factor 2, must also be taken into
account, particularly in |ight of our evidence on trophic
dependencies. Birds foraging in protected areas (usually
small grain size) tend to rely on benthic infauna, especially
Insect |arvae which conplete their life cycle in these
habi t at s. Birds foraging in areas characterized by |arge
grain size typically teed on wave washed zoopl ankton either
I'n the water colum or ann% the water line. Long-term
effects of oil spills may therefore be nore pronounced in
protected areas since birds are using a resource originating
in situ.  Plankton feeders in contrast utilize a resource
which may be replenished fromoutside the local area. Such
questions of bird susceptibility through secondary trophic
and habitat effects are conplex and cannot be answered
wi t hout know edge of the effects of oil on different food
sources and the recovery rates within different environnents.

Rel ative habitat use within the littoral zone

On the basis of the habitat anal yses di scussed above we
classified all Barrow transects into one of three groups
representing gravel beaches, littoral flats, and | agoon edges
(Table 2). W calculated densities within each habitat group
of transects for each period of each year for each species.
This permts us to assess relative density within the three
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habitat types for different species averaged over four years
of study (Figures 21 and 22). The results, expressed as a
proportion of the total density summed over three habitats,
show several distinct patterns of relative habitat use.

Figure 21A shows the results for groups of species.
Considering all shorebirds conbined, all three habitats were
heavily used but densities were |lowest in gravel habitats.

It is relevant however that in the Barrow area gravel beaches
represent the largest conponent of littoral habitat available
to birds. The solid line represents a four year average; the
dotted line indicates an average for the years 1975, 1976,

and 1978. In 1977, densities of Red Phalaropes, Northern
Phalaropes and Arctic Terns were extrenmely high on one |agoon
edge transect (MWE) for a brief period in August. Densities
of a small calanoid copepod were also high at that tine and
ﬁrobably attracted these plankton foragers from other

abitats, nore so than in the other three years. The habitat
use pattern for these three species was therefore
significantly different in 1977 than in the other 3 years.
We are unable to say whether the 3 or the 4 year average is a
better representation of a long term nmean in relative habitat
use and therefore report them both. Passerine, in this case
only two conmon species, Lapland Longspur and Snow Bunting
show a significantly different pattern, wth extrenel¥ | ow
densities on gravel beaches and highest densities on littoral
flats. The three conmon species of gulls plus arctic terns
occurred in all three habitats but at highest densities along
gravel beaches in all years except 1977.

Wthin the shorebirds, several distinct patterns of
relative habitat use were evident. W have separated them
into five groups, all significantly differently by a
chi-square test. Goup B includes the same three species,
Sanderling, Ruddy Turnstone and Red Phalarope, Whi ch
constitute a species group forned on the basis of tundra vs.
littoral zone habitat use (see above discussion). These
species occur almost entirely in the littoral zone in |ate
summrer where they forage pr|nC|paIty al ong gravel beaches on
marine zooplankton. Goup C, Baird s Sandpi per and Dunlin,
occur in all three habitats but densities in non-gravel
habitats are considerably higher. The other seven shorebirds
and two passerine occur in nuch |ower densities along gravel
shores and are grouped here somewhat arbitrarily according to
their relative use of littoral flats and | agoon edges. A few
of these species require further coment. In Goup D
Semipalmated and Western Sandpi pers display al nost identical
rel ative habitat use patterns. These two species have been
di scussed above as denonstrating remarkably simlar annual
fluctuations in nunbers. This simlarity of habitat pattern
is another indication of how ecologically simlar these two
rel ated species are and is consistent With our suggestion
that annual variability in post-breeding nunbers is
determned in some way by conditions in post-breeding
littoral habitats.
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A SHOREBIRDS PASSERINE GULLS AND TERNS
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Figure 21. Relative use of littoral habitats: gravel beach (G,
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Relative Density in Littoral Habitats

Habitat Type

Figure 22. Relative use of littoral habitats: gravel beach (G,
littoral flat (F), slough edge (E).
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The apparent heavy association of Northern Phalaropes

(Figure 22, Group E) with lagoon and sl ough edges nay be
sonmewhat m sl eadi ng. Nort hern pPhalarope densities dre quite
| ow at Barrow in nost years but several flocks have been
recorded while foraging on small calanoid copepods in Middle

Salt Lagoon. In fact, nost of the Northern Phalaropes
record ed in four years of censusing at Barrow consisted of a
single flock during one census of transect MSE At sites to

the east such as Prudhoe Bay, where Northern Phalaropes are
much nmore common, they forage also along gravel beaches in a
manner simlar to nmost Red Phal arope foraging at Barrow. The
results shown here suggest however that given the sane set of
avai |l abl e habitats and food sources, the choices of Northern
Phal aropes differ fromthose of Red Phalaropes.

Al though we present the relative habitat use patterns in
several groups, we caution that differences in these data
sets may be significantly different statistically but not
bi ol ogi cal | y. The | arge sanple sizes for nost species make
the chi-square test quite sensitive to differences in
relative use of different habitats. In view of shifts in the
use levels of different transects from week to week or year
to year, however, and keeping in mnd the ordination anal yses
di scussed above, we are not certain that the differences
shown here in relative use of littoral flats and sl ough edges
are as inportant as may appear. We therefore retain the
possibility that Goups D, E and F mght better be presented
as one group characterized by high use of non-gravel habitats
relative to gravel beaches. ~Finally, we note the close
simlarity in habitat use pattern between the passerine
species and several shorebird species, indicating that sone
passerine and shorebirds mght be affected in simlar ways
by changes in littoral habitats arising from oil devel opnent.

GEOGRAPHI C VARI ATION | N SHOREBI RD LI TTORAL ZONE USE

Results presented above reflect the local distribution
of shorebirds and habitat near Barrow. In general the
conclusions from these site-specific studies apply quite well
to a large region of the northern Chukchi and Beaufort coasts

of Al aska. However, two sets of factors affect the
applicability of specific results to other sites. First, the
habitat use information reflects to sone extent the
availability of habitats in the local Barrow area. From Icy

Cape west of Barrow to Prudhoe Bay east of Barrow (Fi %ure 1)
there is no clear geographic cline in littoral zone habitat
types, but local sites vary depending on such factors as.
presence or absence of spits and barrier islands, elevation
of tundra adjacent to the shore, and extent of |ocal river
deltas. A second set of factors, the changing distribution
of individual species, follows a primarily |ongitudina

gradi ent along the coast.
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Habitat availability

Figure 23 shows the placenent of our littoral zone
transects at Barrow, Prudhoe Bay and Harri son Bay gﬁ§1Cm£k
Delta) study sites I N @ habitat space defined by thée first
two principal conponents. This analysis is simlar to that
di scussed tor Barrow transects al one ?Figure 14) but wth
measured distances replaced by their logarithms. This change
was made because the pool of all transects fromthree sites
has a much w der range of distance neasurenents. As in the
Barrow anal ysis, gravel beach transects are represented by
| ow val ues on both axes, while littoral flats score high on
PC | and | agoon edges score high on PC 11. Both Barrow and
Prudhoe Bay transects represent a simlar range of littoral
zone habitat types with the principal difference being the
much hi gher frequency of gravel beach transects at Barrow.
At Fish Creek Delta, however, |ocated between the other two
sites (Figure 1), all transects are in one class of habitat
space (saltmarsh and mudflat) W th positions nore extrene
than any recorded fromthe other two sites. This difference
relates primarily to the nore extensive areas of littora
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flats at Fish Creek Delta conpared to the other two sites.

Sal tmarsh occurs farther from the shoreline at Fsh Creek
Delta. These transects are characterized by w der flood
zones, |ower slopes, nore vegetation and rnuddi er substrates
than transects censused at Barrow and Prudhoe Bay. Shorebird
use of mudflat and saltmarsh habitats was very simlar at all
three sites, but the overall pattern of shorebird use varied
anong the sites because of the different mx of habitats

avai | abl e.

Speci es distributions

The relative abundance of different shorebird species at
the three principal study sites varied partly in response to
the changes in local habitat mix. Thus, for exanple, Ruddy
Turnstones, Sanderlings and Red Phalaropes were al nbst absent
fromFish Creek Delta in 1980 but this arises primarily from
the absence of gravel shorelines which these species
preferentially frequent during mgration. However,
| ongi tudi nal gradients in species distribution also affected
| ocal densities. The major changes in species abundance in
littoral habitats over the regions studied affect four
species. \Western Sandpipers at Barrow are near the eastern
limt of their breeding range. Densities of Wstern
Sandpi pers at Harrison Bay were an order of magnitude |ess
than densities of Sem pal nated Sandpipers, and they did not
occur at Prudhoe Bay. Stilt Sandpipers occur in very small

nunbers at Barrow as a late summrer mgrant but are conmon
during this period at Prudhoe Bay where they forage on

littoral flats and slough edges. _ _ _
Finally, the two Phalarope species vary in relative

abundance. At Barrow, the ratio of Red Phal aropes to

Nort hern Phalaropes On our transects over four years was
approxi mately 30:1. At Prudhoe Bay, the ratio is al nost
reversed, with nearly all phalaropes al ong shoreline
transects being Northerns in 1978. At Herschal Island at the
western edge of the western edge of the Canadian Beaufort
coast, Verneer and Anweiler (1975) reported a ratio of about
40:1 favoring Northerns. On the Jones Islands just west of
Prudhoe Bay, Johnson (1978) recorded 4:1 Red: Northern

Phal aropes. At Harrison Bay, Red Phalaropes were al nost
absent but Northern Phalaropes were common on the littoral
flats. This last difference may arise primarily froma
difference in habitat selection by the two species which nay
al so account for some of the difference between densities at
Jones |slands and Prudhoe Bay. Red Phalaropes are nost
common al ong beaches on spits and barrier islands while

Nort hern Phalaropes occur nore frequently in sloughs and

| agoons. The differential distribution of these two species
in our study is apparently a result of the two factors of
geography and habitat selection. This difference in
Phalarope occurrence during the post-breeding period at
ggrkisgn Bay and at Barrow is denonstrated by Figures 24A and
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Fi gures 24B and 25A,B show the density conparisons for
t hree other conmon species: Dunlin, Semipalmated Sandpi per
and Lapland Longspur. Harrison Bay densities were conparable
to somewhat greater than the four year average of Barrow
densities. These species are all comon on littoral flats at
both sites; however, at Harrison Bay the relative and
absolute anmount of this class of habitat is much greater than
at Barrow, SO our fi?ures represent a much [arger nunber of
birds in the littoral zone at Harrison Bay. Timng of the
post - breedi ng peak of these species varies also, but in an
I nconsi stent pattern, with Lapland Longspurs peaking nuch
earlier at Harrison Bay and Sem pal mated Sandpi pers peaking
| ater. However, since these are based on only one year’s
data conpared to four years at Barrow, they may represent a
poor estinmate of average timng of these novenents.

Shorebird concentration areas

Areas considered sensitive because of high |evels of use
by birds of many species were identified in the Interim
Synthesis Report: Beaufort/Chukchi (Weller et al., 1978).
These include many of the areas where shorebird densities are
high during late sumer in the littoral zone. These regions
correspond primarily to areas with gravel spits and barrier
I sl ands where densities of the gravel beach shorebirds are
hi ghest; and areas with extensive littoral mudflats,
saltmarshes and slough edges, fromlcy Cape in the Chukchi
sea to Prudhoe Bay in the Beaufort sea. They include Ic
Cape, Peard Bay, Point Barrow, the Plover Islands, Fish %)eek
Delta, Colville Delta and the Jones Islands (Figure 1).
Smaller areas with heavily used shorebird littoral habitats
occur at several other points along this coast and sone
rather extensive regions of coastline have not been
adequat el y surveyed during the appropriate season.

SHOREBI RD DI ETS AND FAT ACCUMULATI ON

Overlap in shorebird diets

Detaifed ists of food items found in shorebird stomachs
and of species conposition and density of plankton sanples
have been reported in Connors and Risebrough (1976, 1977,
1978 and 1979). In this final report we summarize the major
points arising fromthose collections but do not repeat the
detailed data. Table 13 lists the nunbers of each bird
species collected at Barrow and a few nearby sites. These
collections do not permt a definitive listing of average
diets because of snmall sanple sizes and because the diets of
most species depend closely on the availability of prey
species at the site sanpled. The central conclusion of our
shorebird diet studies Is that the diets of nost species
correspond to the habitats in which they forage rather than
to strong sgecies differences in diet preference within
habi t at s. he diets of nmany species overlap broadly while
fpraging in the sane habitat type. In earlier reports, we
cited nunerous exanples of shorebirds of two, three or four
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species foraging on very simlar prey while together at one
site. However, at other sites in different habitats or at
different tinmes within the same habitat the diets of al

these species vary. There are of course exceptions;

i ndividual species do exhibit differences in foraging methods
and some distinctions are inposed by species norphology. But
in general the main differences in diet correspond to
differences in habitat use. These can be summarized as
follows: shorebirds foraging on littoral flats, in
saltmarshes and along the shores of small |agoons and sl oughs
foraged principally on chironomid | arvae in the substrate but
in several areas small oligochaetes were al so taken. Early
in the post-breeding season (late July) adult chironom ds are
present and are taken by many species. Al ong gravel beaches
on marine shores nost species foraged on a wide variety of
marine zoopl ankton and anphi pods associated with the
substrate or the under surface of ice. The actual species
taken varied wi dely over tinme and place both within a season
and between seasons, but the differences in prey between
speci es at one time and place were relatively slight. This
simlarity of diet along arctic shores extends from Red
Phalaropes Who forage while swinmng in shallow water along
gravel beaches to Ruddy Turnstones, Sanderlings, Dunlin and
occasionally a few other species which forage by wal king at
the water’'s edge. Phalaropes take zooplankton directly from
the water columm, while other shorebirds take the sane prey
speci es either washed u? on the gravel or in the extrenely
shal | ow water right at the water™s edge. Al these species
show a tendency to select larger sizes of zooplankton
conpared to sizes avail able in plankton tows (Connors and
Risebrough, 1977), and the species favored included amphipods
of the genera Apherusa and Onisimus, euphausii ds
(Thysanoessa), copeﬁods (Calanus) and decapod zoea. We
bel'1eve, however, that these apparent diet preferences vary
wi dely depending on the availability of species within the
zoopl ankton community. _ _ _

Table 141ists the groups of shorebird species which we
bel i eve have over| apping diets within habitat classes. This
Tabl e, when used in conjunction with Figures 21 and 22
summarizing relative littoral zone habitat use, will convey a
good idea of the expected diet of each species in the Barrow
area. The species listed as zooplankton predators may select
some prey species preferentially; this distinction would
require large sanple sizes to identify; our sanples only show
consi derabl e overlap. Anobng the group of species listed as
foragi ng on chironomid | arvae, species may differ in
m crohabitats or depths at which prey are taken, in prey size
or prey species. Nevertheless, this is a very uniform prey
base conpared to tidal flat conmmunities in tenperate regions;
the stomach sanples indicated broad overlap.

Two ot her species which occur commonly on littoral flats
and al ong | agoon and sl ough edges are passerine. Al though
they forage in the sane habitat as many shorebird species our
very limted collections suggest that they feed on the seeds
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Table 13. Numbers of specinmens from Barrow area exam ned for
studies of diet and fat condition, 1975-1978.
Red Phalarope 2 Red Phalarope 76
Sem pal nat ed Sandpi per 8 Nort hern Phalarope 3
West ern Sandpi per 1 Sabine's @ul | 2
Baird's Sandpi per 2 Arctic Tern 2
Dunlin 16 Lapl and Longspur 2
Sanderling 12 Snow Bunt i ng 2

Long-bill'ed Dowitcher 2

Table 14. Goups of species with overlapping diets in littoral
habi t at s.
Hab1 T at D el SPECT €S
Marine shores, Marine zoopl ankt on, Ruddy Turnstone, Dunlin,
gravel beaches i ncl udi ng copepods, Sanderling, Red Phalarope,
euphasuiids, decapod Northern Phalarope, Arctic
zoea Tern, Sabine's Qul |
Anphi pods Red Phalarope, Baird's
Sandpi per
Small lagoons Copepods Red Phalarope, Northern
Phalarope
Mudf | at s, Adult chirononid Ruddy Turnstone, Dunlin,
saltmarsh, | agoon flies West ern Sandpi per, Red

and sl ough edges

Chironomid | arvae

Oligochaetes

Seeds

Phalarope

Ruddy Tur nst one,

Sem pal nat ed Sandpi per,
West ern Sandpi per, Dunlin,
Long-bill ed Dowitcher, Red
Phalarope, Lapland Longspur

Ruddy Turnstone, Dunlin

Lapl and Longspur, Snow

Bunt i ng
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of plants found in these areas but possibly also on
chironomid | arvae. At the other extrene of habitat and size
the diets of Sabine's gulls and Arctic Terns overlap with
gravel beach zooplankton foraging shorebirds, although these
species al so take fish.

There is a strong seasonal conponent to shorebird diets
in the arctic. Many species take adult chironomid flies
during July on the tundra, and birds of 4 species collected
in late July in littoral habitats, including Red Phalaropes,
contained adult flies. By m d- August these are no |onger
avai l abl e, and these sanme bird species have shifted to other
prey. Thus the diets of shorebirds change as species change
foraging habitats and also as prey availability within
habi t at s changes.

Red Phalarope diets and foragi ng behavi or

The diets of shorebirds foraging on littoral flats are
probably fairly consistent from year to year although little
I's known of the life cycles and ecology of the species of
chironomid flies whose |arvae develop in these littoral
ar eas. In contrast, diets of birds foraging along the marine
shorelines vary nore widely from year to year because of
annual variation and even w thin-season variation in relative
abundance of different zooplankton species. Qur Red
Phalarope data provide the clearest exanple of this
variation. In 1976, densities of marine zoopl ankton were
strikingly lower than densities in 1975. Mean densities of
the three prey species taken nost commonly by shorebirds in
1975 were reduced by approximately 25 times. = Diets of Red
Phal ar opes showed corresponding differences between the two
sumrers, wth copepods scarcer and anphi pods nore common in
1976 (Connors and Risebrough, 1977).

This change in diet reflected an observed difference in
foraging behavior. In 1975, juvenile Red Phalaropes foraging
al ong the shores of Barrow spit were nost abundant in the
shal  ow water zone O to 2 meters out from shore. Day to day
distribution al on? the shores of Barrow spit and Plover spit
varied considerably however. Using our census data of Red
Phalarope distribution along shorelines which face in four
different directions (Figure 2), we plotted the percent of
birds present on each shore on seven days with w nd speeds
above 8 knots, against the deviation of wnd direction from a
full onshore wind (Figure 26A). The very restricted scatter
of these data indicate that phalaropes rarely foraged on
beaches with onshore winds (angles less than 90 degrees) if
alternative shores were avail able. W repeated this analysis
with strikingly different results for seven windy days in
1976 (Figure 26B). Cearly Red Phalaropes were responding
differently in relation to wind direction in the two years.
W suggest the following interpretation? related directly to
the change in zooplankton conditions between the two seasons.
In 1975 Phalaropes foraged on dense zooplankton in shallow
water within 2 neters of shore alnost exclusively. In this
situation the protected shore probably provides increased
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foraging efficiency, possibly by inproved surf and ice
conditions and decreased turbidity and possibly through
enhanced zoopl ankton density. In 1976, however, wth
drastically |ower densities of the same zooplankton, Red
Phal aropes al so foraged on under-ice anphi pods which becane
avail abl e on mﬁnd%_days when pieces of ice piled up on the
w ndwar d shore. he ‘absence of any wind related pattern in
Figure 26B results from phalaropes utilizing multiple food
sources wth different responses to wind conditions.

Under conditions of either high or |ow zoopl ankton
density our proposed explanation of Phalarope distribution in
relation to wind direction suggests also an explanation of
the | arge concentrati ons of phalaropes near spits and barrier
i slands. The conplex shoreline topography of these sites
provides a greater variety of foraging conditions wth
respect to wind direction than does a sinple mainland shore.
There is always a protected shore and a w ndward shore,
permtting phal aropes to select the best foraging conditions,
determned by the interacting factors of wnd, water, ice
conditions, and zoopl ankton densities.

Effect of oil spills on shorebird prey species

We discussed earlier the potential differences in oi
spill effects on different nicrohabitats. These differences
also apply to different prey commnities. Spilled oil
of fshore m ght be expected to reach open water grave
shoreline areas first, where the possibility of toxicity to
zoopl ankton communities or under-ice amphipods m ght reduce
the densities of these food species. Littoral flats and
sl ough edges mght be affected by oil only if it occurs with
stormflooding. However, oil spilled on beaches m ght be
renmoved sooner, by subsequent wave action, than oil
transported to protected littoral flats. In addition
zoopl ankton densities influenced strongly by water novenents
and phytoplankton activity mght recover relatively soon
after the initial phase of an oil spill. In contrast, oi
spilled on nuddy sedinents within protected littoral areas
m ght continue to affect chironomid life cycles and
popul ations within the substrate. Assessing these
differences will require studies of the sensitivity of
various prey species to oil contamnation and the recovery
rates of prey populations in different habitats.
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Prem gratory fat deposition by shorebirds

W recorded fat conditions for all collected birds b
assigning the OCS fat code to each specimen (Code 1 = no fat;
Code 2 = little fat; Code 3 = noderate fat; de 4 = very
fat; Code 5 = excessive fat). Only two species showed any
change in fat condition with date after August 1st. Both
species showed an increase_in fat levels during this period
(Red Phalarope nean score x = 2.6, Spearman correlation
coefficient rs = . 40, p<.0l and Dunlin X = 2.5, rg= .41,
p<.05). This suggests strongly that the |ong period i n which
these species forage in arctic habitats is inportant for the
deposition of fat prior to southward mgration. Arrival of
these species at the latitude of California occurs in mddle
Cctober or later in nost years, considerably delayed conpared
to Sanderlings and Ruddy Turnstones. These latter species
apparently accunul ate higher fat reserves during August
(Sanderling X = 3.8, Ruddy Turnstones x = 3.3) and mgrate
southward nore rapidly. Juvenile Sem pal mated Sandpi pers
| eave the arctic nmuch earlier, in late July and early August,
but with [ower fat levels than these two species (X = 2.6).
Semipalmated Sandpipers may migrate nore slowy, replenishing
fat supplies nore frequently during magration. Johnson
(1978) also found an increase in fat |evel of Red Phalaropes
during August at Sinpson Lagoon. H's data suggest a dif-
ference in the fat deposition schedule of the two phalarope
species: Northern Phalaropes had consistently higher fat
| evel s throughout this period. Three Northern Phalarope
juveniles we collected at Barrow over two years on 8 and 9
August had significantly higher fat levels than 20 Red
Phalarope j uveni |l es taken over four years 8 - 12 August
(Mann-Witney test, p<.0l1). W do not know what differences
in foraging ecology or metabolism account for this surprising
ability of Northern Phalaropes to accunulate fat nore quickly
than Red Phalaropes.

Unli ke juvenile phalaropes, adult fenales and adult
mal es, freed from nesting duties in late June and late July
respectively, begin their southward mgrations wthout a |ong
post-breeding foraging period in the arctic. [f juveniles
require the long foragin%]period to build up energy reserves
necessary for mgration have adults already achieved simlar
fat levels when they |eave the tundra and depart southward?
We compared fat levels in 14 adult nale Phalaropes coll ected
al ong shorelines from15 July - 3 August, 1975 - 1978 with 20
juveniles taken 8 - 12 August, 1975 - 1978. The adult fat
levels were significantly higher (p<.02, Mnn-VWitney test).
W believe this also indicates that juveniles require the
late summer shoreline foraging period to build fat reserves
necessary for southward mgration.

DEVELOPMENT EFFECTS ON SHOREBI RDS

Effects of habitat changes on bird densities
In Table 15 we Tist the kinds of habitat alterations
potentially associated wth OCS devel opnent which m ght
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affect shorebirds. W addressed the first two listed
factors, including several kinds of habitat changes as well
as the effects of noise and activity disturbance, with sets
of transects primarily at Prudhoe Bay and to a |esser extent
at Barrow in 1978. W conpared bird densities between tran-
sects of simlar habitat differing in degree of habitat

di sturbance. The effects of a variety of habitat changes

al ready acconplished at Prudhoe Bay were reported in Connors
and Risebrough (1979). In this final report we present the
conparisons indicating the greatest effects of habitat change
on shorebird nunbers.

Habitat renoval. Habitat can be affected in varyiqg
degrees. At the crudest level, it is sinply renoved. ot al
| oss due to gravel roads or construction pads for onshore
facilities can be quantified in the Prudhoe Bay area. Qur
rough 1978 estimates of this tundra habitat loss within a 14
km x 26 kmrectangl e enconpassi ng nuch of the oilfield
amounted to about 10 sq km  This is only about 3% of the
encl osed tundra, which sounds uninportant, but it inplies a
total |oss of about 1000-2000 pairs of nesting shorebirds
fromthis area, ann%bmAth waterfow and other species.

Road effects. nstruction has other effects which also
di m ni sh usable habitat. A considerable dust shadow
acconpani es gravel construction, wth vegetation coated to
varying degrees with dust at distances neasuring tens or
hundreds of meters fromall roads. This affects bird
density.

A sumertime prevailing wnd direction from the north-
east produces a nore extensive dust shadow on the southwest
side of roads at Prudhoe Bay. In Figure 27A we conpare the
seasonal changes in total shorebird density on the dust
shadow transects, PGl and P& (see Figure 28), with control
transects, PG and P&. Densities on the dusted tundra were
significantly lower by a sign test (p<.0l), especially during
t he breedi ng season. Conparing the inner and outer pairs of
transects separately, densities are |lower on PGl than PG
(p<.01) and lower on P& than P& (p<.0S). The cross com
parison of P& and PG3, transects with simlar dust effects
(Table 16) was not significant (p>.05). A simlar effect is
evident for passerine (Lapland Longspur and Snow Bunti ng;
Figure 27B).

Before we interpret these differences in shorebird
densities as the results of dust deposition on the tundra, we
must establish that other habitat differences are unlikely to
have produced the differences. The four transects were
chosen in early June in a level area of superficially uniform
tundra with respect to topography, vegetation, and surface
wat er area and distribution. re detailed neasurements of
habi tat paraneters made during the summer indicate that this
initial assessment was substantially accurate. Sone
di stingui shable differences do exist, however (Table 16).
Water cover decreased on all transects during June and be-
tween June and August, as expected. Average water cover in
June on the four transects fell in a narrow range, wth the
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Table 15. Potential effects of oil developnment on arctic
shor ebi rds.
1. Habi tat changes
a. Loss of habitat
b. Change in quality of habitat
c. Construction of new habitat
2. Activity disturbance
3. Changes in prey resource
4, Direct oil spill effects
Tabl e 16. Characteristics of dust shadow and control transects.
Dust Contr ol
PG 1 PG 2 PG 3 PG 4 n
June yater
cover 18 25 25 21 6
AugusE water
cover 4.4 13.0 7.0 5.9 20
+11.4 +12.0 +7.1 +4,1
Plant3
cover 74+11 77+4 82+6 86+4 20
Relative,dis-
t ur bance 60+10 1545 2545 040 20

leans of 6 census period estimtes

2per cent of surface area
devi ati on

3
per cent of non-water area.
devi ati on

4
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disparity increasing toward the end of the nonth. By August
several plots had becone dry or nearly so, and the relative
range of average transect values had increased further. A
Mann- Whi t ney test conparing the disturbed transects (PGl and
P&) with undisturbed transects (PG3 and P&) distingui shes
bet ween August water conditions on PGL vs PG3 (p<.002) but
not between P& and P& or between the conbined PGL and P&
conpared to PG and PH. Thus, sone differences do exist in
August, but these differences are smaller in June.
Furthernore, elimnation of the driest 120 plots from
transect PG1l, which |leaves a half transect indistinguishable

in water content from PG3, still provides a conparison of
bird densities which is significantly lower on the disturbed
transect. Finally sone of the habitat difference may, in

fact, derive from the disturbance: t he heavi er deposition of
dust on PGl conpared to PG3 may have reduced the surface

wat er content of that transect, and may be responsible for
the slightly |ower per cent plant cover on the dust shadow
transects (Table 16).

The upwi nd transects are, of course, not conpletely dust
free. The full effect of dust on bird densities may there-
fore be greater than that shown in Figure 27. A possible
additional effect, that of noise and activity disturbance
associated with the road, is difficult to measure in the
presence of the dust effect. We think there is such an
effect, but that it is smaller than the dust effect.

The net result of these road effects is to increase the
ef fective disturbance zone associated with the road. | nst ead
of losing only the 30 mw de strip which is covered by
gravel, the total loss of nesting habitat may be equival ent
to a 60 mto 200 mw de strip. This change will multiply our
total habitat loss by a factor of several tines. |In other
words, the estimate of 1000-2000 pairs of shorebirds lost in
the Prudhoe Bay oilfield increases to 3000 to 6000 pairs.

Dr ai nage changes. Tundra construction frequently af-
fects drainage patterns, either by increasing or dimnishing
local  drainage, and these changes, by altering water |evels
and areas, can greatly influence habitat use by shorebirds
and waterfow. W show one exanple of an altered drai nage
effect in Figure 29A, conparing densities on pairs of
transects differing principally in the effect of a road with
an inadequate culvert system on drai nage. The dotted |ine
traces density of shorebirds on transects which remain
fl ooded during early sunmer, but which drain considerably by
late August. The area has been essentially elimnated as
nesting habitat for shorebirds, but is very attractive to
| ate summer mgrants.

Human activity. W’ve also |ooked for effects of
activity disturbance by people and machi nes along shorelines
in late sumrer at Barrow, conparing densities on 7 shoreline
transects, 3 with high disturbance (BBV, BBD, BDC) and four
with | ow disturbance (Bcs, BCN, BAP, BBS), scattered along 19
km of Chukchi coast. In general, nost bird species occurred
in higher densities along undisturbed shorelines, but the
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differences were not significant for any species. Two
species were nore common on the disturbed transects, however.
Ruddy Turnstones and d aucous Culls are both preferential
garbage foragers, occurring in higher densities on the tran-
sects where garbage was nore frequent. _

The extent of any deleterious effects of noise and
activity disturbance will vary with the species involved and
with their activities in the disturbed area. Colonies of
nesting waterfow wll be very sensitive to disturbance
during the breeding season. Qur gravel shoreline transect
conmpari sons indicate that the sensitivity of |ate summer
migrant shorebirds and gulls is rather 1low, but that turn-
stone and gull populations mght be locally enhanced if
shorel ine garbage becones wi despread.

Artificial causeways. Prudhoe Bay also offers a preview
of what we mght expect fromthe construction of artificial
gravel shorelines -- drilling islands and causeways in
shal l ow water -- in the form of the ARCO west dock, a gravel
pier over 2 kmlong extending into the bay and used for
unl oadi ng barges, and the shorter east dock. Qur transects
along these artificial spits indicate that zooplankton

foraging birds -- phalaropes, gulls, terns and sone other
shorebirds -- will use these shorelines in preference to the
adj acent natural mainland shores. In fact, densities of

ﬁhalaropes (mainly Northern) were an order of magnitude
igher along the artificial spits in August (Figure 298).
Shorebirds which are |ess dependent upon zoopl ankton during
this period (especially Dunlins) were nore comon on the
nuddi er mainland shores (Figure 30A). Lapland Longspurs and
Snow Buntings, foraging on seeds and insects, were al nost
confined to the mainland shores (Figure 308).

This result for zooplankton-foraging birds is just what
we predicted based on the high density use of natural spits
and barrier islands in 1975-1977 along the Beaufort-Chukchi
coasts ﬁCbnnons and Ri sebrough, 1978). Since the prey base
is mainly marine zoopl ankton and under-ice amphipods, species
more strongly associated with the water than with the parti-
cular shoreline substrate, the artificial spit apparently
functions sinilarky_to its natural counterpart. W don’t
know why spits and islands were nore attractive than mainland
shores during these 3 years, and a different result in 1978
calls this conclusion into questlon (Connors and Risebrough,
1979) . We suspect that |ocal current effects may be involved
i n produci ng occasional bl oons of zooplankton alpng t hese
shorelines.  Extrenely high densities of euphausiids, _
copepods, and chaetognaths occurred along Barrow Spit during
the 4 years of this study, and a short but intense bloom of
copepods along the ARCO dock in August 1978 attracted |arge
nunbers of phalaropes, gulls, and fish. _

Ve have suggested above an additional hypothesis to
explain apparently heavier use of spits and Islands by _
phalaropes. The flexible foraging behavior of phalaropes in
relation to wind direction and zoopl ankton densities indi-
cates that spits and islands, with exposed and protected
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shores in all wind conditions, offer nore foraging options
than do mainl and shores. -

Qur Prudhoe Bay results suggest that artificial gravel
piers and drilling platforms will be nore heavily used than
natural mainland shores by several species of shorebirds,
gulls and terns, which on the surface sounds |ike an argunment
intheir favor. However, the net effect will be one of
attracting birds to precisely those habitats where oil spills
wi Il be nost likely to occur, that is, where construction,
barge traffic, and drilling activities wll be nost intense.

Responses of juvenil e Red Phalaropes to thin oil filns

The results of our foraging experinents and choice
experinents to determne the effects of thin oil filnms on
phal arope behavior were presented in full in Connors and
Risebrough (1980). The results are of sufficient inportance
that we wll repeat the main points in this report.

The initial results of the choice experinent are pre-
sented in Figure 31, conparing the number of choices nade for
clean pans and for oiled pans as a function of the sequence
nunber of the choice. O 12 birds neking choices, all 12
made a first choice, 6 of themfor oiled pans and 6 of them
for clear pans. Only 10 of them nade a second choice, 8 nade
third choices, and so forth, with only one bird making a
twel fth choice. There is no suggestion of any discrimnation
in that first choice;, birds were as likely to choose oiled as
clear pans. Buton subsequent choices, behavior changed
After the second round of choices, birds were able to make a
distinction and were opting for clear pans rather than oiled.
O the last 33 choices, only 2 were for oiled pans. The
birds seemto have |earned something of the effects of the
oil very quickly. They apparently can nmake the distinction
and do learn to avoid the oil. _ _

Figure 32A addresses a possible alternative explanation
for these results: that any birds entering the oil on the
first or second choice mght be so damaged by the oil that
they failed to nmake any subsequent choices, and that al
| ater choices were nmade by birds who chose clear pans consis-
tently. This explanation does not apply. Figure 32Ais a
conmparison of the total nunber of choices made by all 12
individuals split up into two groups depending on whether
they chose oil or clear on the first choice. It denonstrates
that birds choosing oil initially did continue to make sub-
sequent choices; nost of these choices were for clear pans.

The duration of foraging periods also differed between
oiled and clear pans, as indicated in Figure 32B. The fre-
quency histograms contrast markedly. A Mnn-\Witney conpari -
son of the duration of foraging periods on oiled vs. clear
was significant (p<.01). The nedian duration on clear pans
was 33 seconds, conmpared with a median time of only 5 seconds
on oiled pans, an indication that once the birds get on the
oilf they quickly respond to something and on average get out
early.
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The aquarium experinments support this conclusion.
Phalarope behavior was recorded as foraging, resting, and
escape behavior. This latter category includes sw nmng hard
agai nst the side of the aguarium, swWwnming rapidly from one
side of the aquariumto the other, and occasionally attenpt-
ing to fly. he percent of tine spent by phalaropes in these
escape behaviors varied widely, but increased strongly wth
increasin% oil filmthickness (Figure 33). In the presence
of even these extrenely thin ol Tilns, the birds quickIK
sensed the difference and responded by trying to avoid the
oil,

- What is the relevance of these results to OCSEAP?
Admttedly these experinents present artificial situations
and smal| sanple sizes. Nevertheless, the statistical tests
take into account the samll sanple sizes and judge the re-
sults significant. Naive juvenile Red Phal aropes apparently
do not distinguish between oiled and clear surfaces for
foragi ng before they have any experience with the oil.
However, upon contact they have a fairly consistent and very
qui ck resEonse to try to get away fromthe oil, and subse-
quently they can and do distinguish between clear and oil ed
surfaces, and they avoid the oiled surfaces. This suggests
that phal aropes nmay reduce the inpact of an oil spill by
behavioral adjustnents after a brief |earning period, but
some questions renain.
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Figure 33. Escape response of Red Phalaropes in the presence of thin oil
films.

For one thing, the bird can only avoid the oil if it has
some alternative. In a very large, w despread thick spill,
the birds nmay not have nearby alternate choices of clean
water. W have not tested whether they will fly long dis-
tances along the coast to.avoid an extensive continuous
spill. W suspect, however, that they will try to avoid
small slicks it they have a clean nearby alternative, as
m ght be the case in a small or patchK, broken-up oil slick.

The other critical question which renmains is whether a
bird after contact with oil for 5 seconds can be saved by
subsequent behavior. |s that already too late? Wthin our
experiment, Wwe cl eaned nost of the birds after oil contact.
Five seconds on one of the small pans was enough time to pick
Kﬁ a considerable amount of oil. On three of the individuals

0 had been in very briefly we did not do any cleaning. W
merely returned themto their wire holding cage, outside at
Barrow. They had plenty of food but may well have been under
other stresses due to captivity. In each case these birds
had, within a matter of a few hours, reworked all their
pl umage and had changed wet, sticky snears on their
underparts to a dry and very uniform huffy color on all the
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plumage. The feathers were in good fluffy condition so the
pirds were probably able to control their tenperature while
out of the water. In experiments within the next few days

these birds appeared able to swm reasonably well, so they

had their plumage back in apparently functional shape,

al though the hutfy color betrayed the lingering presence of
oil residue on the feathers.

Whether a bird in the wild after this kind of brief
exposure to a thin filmcould regain a _healthy condition wll
depend on a wide variety of factors. Survival wll depend on
the type and thickness of the oil film degree of contact,
stresS due to environmental factors - weather and foraging
conditions - and the physiological state of the bird. Ve are
presently unable to assess this. However, our guess now Is
that in many circunstances, phalaropes With this brief ex-
posure (5 seconds or less to a thin film would have a good

chance of recovery and survival
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V. CONCLUSI ONS

Many of the detailed conclusions of our studies have
been presented in the preceding section. W sunmarize here

our rankings of relative sensitivity to oil devel opnent for
speci es, habitats, areas, and seasons.

Rel ative sensitivity of shorebird species

W have classified the common Beaufort coast shorebirds
with respect to each species’ relative sensitivity to lit-
toral zone disturbances associated with oil devel opnent
(Table 17). The principal disturbance being considered in
this assessment is of course the threat of oil spills along
the coast. The factors enployed in making the assessnent
included primarily habitat use patterns of the various
species. W gave primary weight to the relative use of tun-
dra vs. littoral habitats, determ ned for each species by our
transect work, but nodified this with information on the
choice of littoral habitat (gravel beaches, littoral flats or
| agoon edges), the choice of foraging mcrohabitat within
littoral habitats, and individual species foraging nethods
and behavior, to arrive at the final categorization. This
assessnment does not take into account, however, the possible
duration of effects of an oil spill in different kinds of
habi tats as discussed above. The species with high sensiti-
vity, Red and Northern Phalaropes, Sanderlings and Ruddy
Turnstones, spend alnost all of their time in |late sunmer
foraging in littoral habitats and usually in relatively
exposed areas which would be the first hit by an oil spill
If however, oil is deposited on littoral flats and within
| agoons and sl oughs where it mght affect prey densities and
habitat conditions for several seasons, other species classed
as noderately sensitive would also be strongly affected.

Rel ative sensitivity of habitats _

Since the nost effective nethod of managing bird popu-
lations is frequently a habitat nanagenment approach, we wll
summarize our results in terns of the littoral habitats we
have studied. Table 18 sunmarizes this sensitivity ranking
for six general descriptions of Beaufort coast littora
habitats. These categories enphasize the habitat features
whi ch correspond to major differences in bird use in terns of
speci es conposition and densities of shorebirds. The ranking
al so takes 1nto account relative amounts of each habitat
al ong the Beaufort coast.

Sensitive coastal areas

Results of mapping the Beaufort coast regions of highest
bi rd use.have been published in the Interim Synthesis Report:
Beaufort/Chukchi (Weller et al., 1978) with information added
for the Harrison Bay area in the Synthesis Report for Lease
Sale #71. For shorébirds, the sensitive areas correspond to
the main concentration areas at spits and barrier islands -
Peard Bay, Pt. Barrow, Plover Islands, Jones Islands, and
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Table 17: Relative sensitivity of conmmon shorebirds to

l[ittoral zone di sturbances.

HI CH MODERATE LOW
Red Phalarope Sem pal mat ed Sandpi per Am;rl‘l can Col den
over
Nort hern Phalarope Western Sandpi per Pectoral
Sandpi per
Sanderling Bai rd’ s Sandpi per
Ruddy Turnstone Dunlin

Long-billed Dow tcher

Table 18: Relative sensitivity of Beaufort littoral habitats.

(Listed in order of decreasing sensitivity)

Littoral flats and saltmarsh

Sl oughs and smal |l |agoons (water surface and shorelines)
1. wth broad nuddy margins
2. wWith narrow margins

Spits and barrier islands

Mai nl and shorelines with broad beaches

Mai nl and shorelines with narrow beaches
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perhaps other less studied barrier islands - and regions of
extensive littoral flats or sloughs and |agoons - Fish Creek
Delta, Colville Delta, and other sites |ess extensive or |ess
studi ed (perhaps Pitt Point and Cape Halkett areas; see
Figure 1). These are the main areas where highest total
nunbers of shorebirds are 1likely, but heavily used habitat
areas are present along many other regions of the Beaufort
?Q?S%i In these cases habitat protection wll be nobst pro-

i table.

Sensitive seasons
Shorebirds are present along the Beaufort coast fromthe

end of May to late Septenber. During June nost birds are
confined to tundra habitats, but densities in littoral areas
are high frommd-July through early September. This is the
period during which habitat disturbances will have the
reatest inpact on shorebird nunmbers. Most habitat

I sturbances will last through many seasons regardless of the
time of initiation. Nevertheless, the winter period, when
shorebirds are absent, corresponds to the frozen period, when
habitats are less sensitive to alteration: we recomend t hat
degFIopnent take place during w nter nonths whenever pos-
sible.
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VI. APPENDI X

SEASONALI TY OF LITTORAL ZONE USE - COMMON SPECI ES

1. Sem pal mated Pl over (Charadrius semipalmatus).
Figure 34A. Densities of this species are probably very |ow
t hroughout the Alaskan arctic. They nest in sparsely vege-
tated gravel areas, conditions which occur frequently near
gravel beaches. Mst of the individuals recorded on our
transects had nests nearby. An oil spill along the Beaufort
coast washing into gravel areas along the edge of [agoons and
sl oughs or behind beaches mght affect a |arge percentage,
but few individuals, of the small population of this species.

2. American CGolden Plover (Pluvialis dominica). Figure
12a. O all comon Barrow shorebirds, this species is the
nost nearly restricted to tundra habitats. Fi gure 12A shows
the four-year nean density in littoral zone transects
conpared to densities on tundra transects over five years
(Myers and Pitelka, 1980). Littoral zone use is al nost
insignificant even after all littoral habitats are ice-free.
This pattern in CGolden Plovers suggests they would not be
readily affected by devel opnents along the shoreline or by
accidents involving spilled oil. CQur observations at other
sites along the Beaufort coast corroborate this habitat use
pattern. However, along the southern Chukchi coast near
Kot zebue, Col den Plovers show a very different habitat dis-
tribution. In August the extensive salt nmarsh and fl ooded
tundra areas of this region support |arge nunbers of juvenile
Gol den Plovers. This may be a response to differences in the
availability of habitats in the Beaufort conpared to the
sout hern Chukchi or to differences in the availability of

rey within these habitats in the two areas; or it may relate
o differences in the behavior of the two subspecies, P. 4.
dominica, the Barrow breeding race and P. d. fulva, the race
whi ch beconmes nore common in the southern Chukchi ( Connors,
inprep). At any rate our Barrow data suggest that along the
Al askan Beaufort coast the Golden Plover Is relatively
insensitive to disturbance by offshore oil devel opnent.

3. Black-bellied Plover (Pluvialis squatarola). A
regular breeder inland and east of Barrow, this plover shifts
to littoral habitats during migration nmore than does its
congener, but numbers seen on our transects have been | ow at
all Beaufort sites.

4. Ruddy Turnstone (Arenaria interpret). Figure 34B
Common breeder and migrant. Adult Turnstones breed on the
tundra at Barrow in low densities (approxinmately .024 pairs
per hectare; Myers and Pitelka, 1980) but shift to littoral
habitats as nesting duties are finished. Adults depart
Barrow in early August but juveniles remain in the littoral
zone throughout August; densities here are nuch higher than
on the tundra. This shift in late sunmer habitat agrees with
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a report by Nettleship (1973) for an area in the Canadian
arctic where fledged juveniles began foraging on the shores
of a large cold |ake.

5. Semipalmated Sandpi per (Calidrus pusilla). Figures
7, 8A, 25A, 35A, 35B. This species 1s a comon breeder along
the Beaufort coast. Adults nest on tundra but often forage
on stream margins or mudflats adjacent to the nesting areas.
Adults are therefore fairly conmon in littoral habitats
t hroughout the early part of the season, in contrast to nost
of the Barrow sandpipers. As juveniles fledge in late July
however, we observe a sudden and striking nmovenent of this
species into littoral areas (Figure 358). This juvenile peak
occurred at Barrow in all four years (Figure 8A) as well as
at Fish Creek Delta (Figure 25A), Prudhoe Bay, Icy Cape and
Wainwright. It is very short lived but nay be inportant to
juveniles for accunulation of fat reserves prior to southward
m gration.

6. Western Sandpi per (Calidrus mauri). Figure 8B, 36A
This species is an uncommon breeder at Barrow and becones
more rare eastward along the Beaufort coast. It is a fairly
common migrant at Barrow however, with a seasonal habitat use
pattern quite simlar to that of Semipalmated Sandpi per.
Adults occur on tundra and in littoral areas in early summer
wth a peak in late June or early July of nobst years foll owed
bY a juvenile littoral zone novenent slightly later than, and
of |ess nmagnitude than, Sem pal nated Sandpi per

7. Baird s Sandpiper (Calidris bairdii). Figure 36B.
Seasonal habitat use by this Species contrasts with nost of
the other calidris sandpipers. Baird s Sandpipers nest”
frequently near Tagoon edges, in tundra near brackish pools
and on or near gravel beaches. One nest on Barrow spit was
| ocated in drift naterial 5 meters fromthe edge of Elson
Lagoon on the gravel beach. The young hatched out several
hundred neters from the nearest small patch of tundra vege-
tation. We |ocated another brood near Nuwuk Lake on Point
Barrow. These downy young, approxinately one week old, were
foraging directly on [ive zooplankton in the shallow water of
a brackish flood pool. This species also nests commonly on
coastal tundra in non-littoral areas. Departure of Baird's
Sandpi pers occurs earlier in August than that of nost other
Sandpi pers, and densities of juveniles prior to departure
remain |ow, indicating no novenent of birds from distant
areas through the Barrow area. The densities of individuals
on littoral transects conpare to a mean breeding densitg of
.06 pairs per hectare at Barrow (Myers and Pitelka, 1980).

8. Sanderling (Calidris alba). Figure 37A Thi s
species occurs in small nunbers as adults at Barrow in early
June, primarily in littoral areas near |agoons. I n August
and early Septenber it is fairly common on gravel shores of
Barrow Spit but nuch |ess common al ong mai nl and shores and
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almost absent from other littoral habitats. Essentially all
| ate sunmer Sanderlings at Barrow are juveniles, foraging on
marine zoopl ankton along the water’s edge and accunul ating
heavy fat reserves prior to mgration.

9. Pectoral Sandpiper (Calidris melanotos). Figure
37B. Thi s species remains comon on tundra in |ate sumrer,
wth [imted nmovenent to the littoral zone, primarily in
nmuddy habitats near wet tundra or in salt marshes. Flocks
occur irregularly in these areas as first post-breeding” nales
and |later fenmales and juveniles begin southward m gration.

- 10. White-rumped Sandpi per (Calidris fuscicollis). This
speci es nests unconmonly at Barrow and probably ai ofher
sites along the Beaufort coast. W encountered only a few
individuals on littoral zone transects.

11. Dunlin (Calidris alpina). Figures 12B, 24B, 38A
This common and wi despread arctic sandpiper occurs in
moderate to high densities on tundra throughout the sunmer
but forages commonly in littoral habitats In late sumrer. At
this time both adults and juveniles occur in tundra and
littoral habitats. Juveniles appear to be somewhat nore
common in littoral areas, especially during |ate August, but
this distinction is not as clear as earlier observations had
indi cated (Hol mes, 1966a, b). W also suspect a distinction
between the types of habitat used by adult and juvenile
Dunlin wWithin'the littoral zone. Adults appear nore |ikely
to forage in mudflat and bracki sh pool margin habitats,

whereas juveniles are nore likely on gravel shores where they
forage on pl ankton.

12. Stilt Sandpi per (Micropalama himantopos). A rare
m grant at Barrow, nesting near Prudhoe Bay and farther east,
where it is fairly common in littoral areas with shallow
bracki sh pool s.

13. Buff-breasted Sandpiper (Tryngites subruficollis).
An irregular breeder at Barrow, nore conmon eastward toward
Prudhoe Bay. Restricted to tundra during the breeding season
and occurring in mgration on tundra near shorelines.

14. Long-billed Dowitcher (Limnodromus scolopaceus).
Figure 38B. Juveniles of this species occur in high densi-
ties on tundra and in littoral areas (mudflats, saltmarsh,
sl ough edges) at Barrow in md to |ate August every year
This is a sudden, heavy migrational novenent of juveniles
begi nning southward mgration, probably from nesting areas
inland on the north sl ope.

15. Red Phalarope (Phalaropus fulicarius). Figures
11A, 11B, 24A, 39A This conmon nesting species at Barrow
and along the Beaufort coast becones abundant in littora
areas during late sumer migration. Several aspects of Red
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(B) Long-billed Dowitcher, littoral transects.
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Phalarope novenents and foragi ng ecol ogy have been di scussed
within Results. Briefly, nales and fenales nest on tundra in
dune. After clutch conpletion, females flock and begin
mgration, spending sone tine in ice-free littoral areas in
late June or early July. Adult males tend the young, noving
to sone extent into littoral habitats in late July before
they mgrate southward. 1In early and mddle August a flood
of Juveniles reaches the littoral zone, mainly along gravel
shorelines where they forage on marine zoopl ankton.

Densities in areas of gravel spits and barrier islands become
extremely high, where phalaropes Will be highly susceptible
to damage fromoil spills.

16. Northern Phalarope (LoObi pes 1lobatus). Figure 24A
39B. Uncommon but erratic at Barrow and increasingly comon
eastward along the Beaufort coast. Ratios of Red to Northern
Phalaropes vary at different sites along the Beaufort, as
discussed in Results. Northerns were nmuch nore common than
Reds along the coast at Prudhoe Bay in 1978.

17. d aucous @Qull (Larus hyperboreus) . Figure 40A
This largest and nost common gull at Barrow occurred in
hi ghest densities along two of our transects because of
proximty to the Barrow dunp; nevertheless this species
appears to be w despread along shorelines at all arctic
sites.

18. sabine's Qull (Xema sabini). Figure 40B. Fairly
common along the shores of Barrow Spit during August, usually
foraging on marine zooplankton with Arctic Terns and
phal ar opes.

19. Black-legged Kittiwake (Rissa tridactyla). Figure
41A. This species occurs commonly along Barrow spit shore-
lines in August but is also present as a non-breeder along
shorelines beginning early June.

20. Arctic Tern (Sterna paradi saea) . Figure 41B
Sporadically present in very high nunbers in the Barrow spit
area throughout August and early Septenber. Large nunbers of
terns forage and roost on several areas of gravel spits and
barrier islands in the Beaufort. They forage on small fish
and marine zoopl ankton and therefore occur at Barrow on the
sane transects as phalaropes, Sabine's @ulls and Sanderlings.

21. Lapl and Longspur (Calcarius | apponicus) . Fi gures
25A, 42. The nost common tundra nesting passerine along the
Beauf ort coast. During the breeding season it is essentially

confined to tundra habitats but in August flocks of mgrating
birds, predominately juveniles, occur In areas of saline
pool s, |agoon edges, and saltmarsh flats. Their diet
ﬁrobably overl aps sonewhat with that of shorebirds in these
abitats but two Huven|les coll ected at Barrow had been
feeding principally on seeds.
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Figure 42, Mean densities on littoral transects at Barrow, 1976-1978.
Adul'ts (solid line) vs. juveniles (dashed Iine).

22. Snow Bunting (Plectrophenaxnivalis). Snhow
Buntings are less widespread than Longspurs and individuals
nesting near the littoral zone frequently forage in these

habitats during the breedin? season. |n August there is a
similar movement of juveniles and some adults into saltmarsh

ar eas.

392




VIT.  ACKNOALEDGEMENTS

W thank Frank A Pitelka and J.P. Mers for their
roles +4in planning this research, for continuing advice and
anal ytical suggestions, and for wuse of their tundra shorebird
data; Robert W Risebrough for his encouragenent and adm nis-
trative help; David Norton for his scientific interest and
practi cal advice; Bonnie Bowen Any Breyer, Janes Carlton,
Steve Gellman, Russell Geenberg, Frank Gress, Katherine
H rsch and Craig Hohenberger, nenbers of the arny who
gathered the field data and analyzed sanples; and the Naval
Arctic Research Laboratory, Jim Helmericks, and the OCSEAP
Arctic Project Ofice staff for essential |ogistics support.

393



VITT. LI TERATURE Cl TED

Bengtson, S.A. 1970. Breedi ng behavior of the Purple
Sandpi per Calidris naritinma in Wst Spitsbergen
Onis Stand. 1(1):17-25.

Connors, P.G, J.P. MWers, and F.A. Pitelka. 1979. Seasona
habitat use by arctic Al askan shorebirds. Pp. 100-112
in Shorebirds in Mirine Environments, ed. F.A.
Pitelka, Studies in Avian Biology No. 2, Cooper
Orni t hol ogi cal Soci ety.

Connors, P.G. and R.W. Risebrough. 1976. Shor ebi rd

dependence on arctic littoral habitats. In
Envi ronnental Assessment of the Al askan Continenta

Shelt (Annual Reports from Principal Investigators),
vol une 2:402-456.

Connors, P.G. and R.W. Risebrough. 1977. Shorebird
dependence on arctic littoral habitats. In
Environmental Assessnent of the Al askan Continent al
Shel f (Annual Reports of Principal Investigators),
Vol unme 3:402-524.

Connors, P.G. and R.W. Ri sebrough. 1978. Shor ebi rd

dependence on arctic littoral habitats. In
Envi ronnmental Assessnent of the Al aaskan Continenta

Shel f (Annual Reports of Principal Investigators),
Volume 2:84-166.

Connors, P.G. and R.W. Risebrough. 1979. Shor ebird
dependence on arctic littoral habitats. In
Environnental Assessnent of the Al askan Continenta
Shel T (Annual Reports of Princrpal Tnvestigators),
Vol ume 1:271-329.

Connors, P.,G. and R.W. Risebrough. 1980. Shor ebird

dependence on arctic littoral habitats. In
Environnmental Assessnment of the Al askan Continental
Shelf (Annual Reports of Principal Investigators),

Volume 1:94-1009.

Gower, J.C. 1966. Sone di stance properties of |atent root

and vector nethods used in multivariate analysis.
Bi onetrika 53:325-338.

Hol nes, R.T. 1966a. Breeding ecology and annual cycle

adaptations of the red-backed sandpiper (Calidris
alpina) in northern Al aska. Condor 68:3-46.

Hol nes, R.T. 1966b. Feeding ecology of the red-backed
sandpifer (Calidris alpina) in arctic Al aska. Ecol ogy
47:32-45,

394



Holmes, R.T. 1970. Differences in population density,

territoriality, and food supply of dunlin on arctic
and subarctic tundra. Synp. British Ecol. Sot.,
10:303-319.

Holmes, R.T. 1971 Latitudinal differences in breeding and

molt schedul es of Al askan red-backed sandpipers
(Calidris alpina). Condor, 73:93-99,

Hol mes, R.T. and F.A. Pitelka. 1968. Food overlap anobng
co-existing sandpi pers on northern Al askan tundra.

Johnson, S.R. 1978. Avian ecology in Sinpson Lagoon. 1977.
Pp. 1-112 in Beaufort Sea Barrier |sland - Lagoon
Ecol ogi cal Process Studies, National Cceanic and

At nospheric Adm nistration, Boulder, Colorado.

MacLean, S.F., Jr. 1969. Ecol ogi cal determ nants of species

diversity of arctic sandpi pers near Barrow Al aska.
Ph.D. thesis, Univ. of California, Berkeley.

MacLean, S.F., Jr. 1974, Lemming bones as a source of

calcium for arctic sandpi pers (Calidris spp.). [|bis,
116:552-557,

Morrison, D.F. 1976. Multivariate Statistical Met hods, 2nd
ed. McGraw-Hil |, PP .

Mers, J.p. and F.A. Pitelka. 1980. Effect of habitat
conditions on spatial paraneters of shorebird
popul ations. Report to the Dept. of Energy, 82 pp.

Nettl eship, D.N, 1973. Breeding ecology of Turnstones

Arenaria interpres at Hazen Canp, Ellesmere |sl and,
N.W.T. [brs 115:202-217.

Norton, bD.w. 1972 I ncubation schedul es of four species of
cal i dridine sandpipers at Barrow Al aska.  Condor
74:164-176.

Norton, D.w. 1973. Ecological energetic of calidridine
sandpi pers breeding in northern Alaska. Ph.D.
Dissertation, University of Al aska, Fairbanks. 163 pp.

Pitelka, F.A. 1959. Nunbers, breeding schedule and

territoriality in pectoral sandpipers of northern
Al aska. Condor 61:233-264.

Pitelka, F.A. 1974 An avifaunal review for the Barrow

region and north slope of arctic Alaska. Arctic and
Al pine Res. 6:161-184.

395



Pitelka, F.A. , R.T. Hol nes and s.F. Mac Lean, Jr. 1974,
Ecol ogy and evolution of social organization in arctic
sandpi pers. Amer. Zool. 14:185-204.

Redburn, D.F. 1974, The ecology of the inshore marine
zoopl ankton of the Chukchi Sea near Point Barrow,
Al aska. M.S. thesis, University of Alaska, Fairbanks.

Vermeer, K and G.G., Anweiler. 1975, G threat to aquatic
birds along the Yukon coast. WIson Bull.
87:467-480.

Wller, G, D. Norton and T. Johnson, eds. 1978.
Envi ronnental Assessnent of the Al askan Conti nental
Shelf, Tnierrm Synihesis: Beaufort/Chukchi.

X + 362 pp.

396



